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, . .t™ is a continuation-in-part 
This '"P^^^^"!" ucation Serial Ho . 07/ 

application o. U I'^^^^^l^,^ u a continuation-in- 
,03,07., filea ^-e ^' 07/810,966, 

part ot U.S. P-*»\;f^'\^,,^ , continuation-in-part 
nied December .0 19^ ^^^..^eion serial No. 07/ 
application of O.S. P ^^.^^ „e 

:X:;a:r.erir;r:«rence in their entirety 

^^rtoi-ailv to vaccines 
,.is i-ention relates ^-"^/^^^^^^^ .elates 

against U'\' II Hi^"' 1""" . , synthetic oligosaccharide 

to a conjugate vaccine in «''-\;/^„,^,,„^„iae capsule 
corresponding to a .ragmen o.^the^P^^V^ ^ 
H._iBflMsaM type b h ^^^^.^^ ^^^^ 

— ^Ta^Itrar"--- — ' 

tion of huiaans, particuxai. 

, (Hi) are divided into two groups, 
"^-^"^^"^ ess a polysaccharide capsule and 
those strains that P-;-;^^:^^,,,, .trains are typed hy a 
those that do not. The ^ J ^.^^ „£erence antisera. 
serological reaction of a P ^^„.„^psulated 

^-^^ :::: «ith any of the reference 

Strains, which fail ^» 

antisera, are Known as non-typeable . 
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„ f " ^^'""i""'^ health problem worldwide The 
type b stral„ (Hlb, Is the -ost virulent of the Hi slr.iT 

IZT ""-'^ ^P^'lo"i"^. ana other 1 ■ 

threatening infections in children five years old .J, 
younger The mortality rate fro. type b'^enin^i" s . 
about s%, even with the best modem antibiotic treat^en* 
and neurological se^elae are observed in as Lny as ^ 

llpTt :ZZ°7 " '"•"^'^^^ -ingitis'c us d y 

T^ype to strains has been identified as i-h^ i ^- 

acguired .ental retardation in ^e "i.^^: lilt'"' °^ 

world Health organisation has ^de TteXt, 

effective vaccine against Hib a priority. 

Hon-typeable Hi also cause various diseases 
^ea.a. .he non-typeable :r:;usr~::; oTau"" 

generally involves antibiotic administration, children 
axperience multiple infections because infectiordo " 
confer a lasting immunity. "taction does not 

A great deal of time, money, and effort >,> v, 
.pent trying to find a truly effect ve vaccine to H " 
iOfiMnae. The overwhelming focus has b!!n ! 
a vaccine for Hib because of itsT developing 

young Children. Unfortunatl; thri" "° "^'^ 

^ . *a«-«-Ly, rne approved tvoe b 

polysaccharide vaccines are not effective for lidren 



II 
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under 18 months of age, which is the group most threatened 
by Hib. 

It has been )qiown for many years- that antibodies 
directed against the 'type b capsule will protect 
individuals against invasive Hib infection, including 
meningitis • In a randomized, double-blind clinical trial 
in Finland, a type b polysaccharide vaccine was found to be 
90% effective in presenting disease in children immunized 
between 24 and 72 months of age. However, the vaccine 
conferred no protective immunity in children younger than 
18 months and provided only limited immunity in children 
aged 18-23 months. Peltola, et al., N, Enal. J . Med. , 
310:1561-1566 (1984). The type b polysaccharide elicits a 
T-cell-independent immvine response, which probably accounts 
for the low immunogenicity in young children. 

Based on these data, three type b polysaccharide 
vaccines were licensed in the United States in 1985 and 
were recommended for use in children aged 24-60 months. 
These vaccines obviously have a major problem. They do not 
adequately protect- children under 24 months of age, the 
group most succeptible to H. influenzae disease. 

There are other problems relating to the fact that 
the polysaccharide is obtained from natural sources. 
Although purified, the polysaccharide fragments are of 
various lengths and, therefore, not as well characterized 
as desirable. This creates problems with respect to 
. reproducibility and variable potency. Also, since 
naturally occurring polysaccharide must be isolated from a 
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pathogen, safety concents must' be addressed- w-ithr.ftiespect to 
both manufactune and use>Jo£;^Jthe vaccine^? ; ^ ^ j^c. 

AtteroptfS^ have^;been jiade^jtrnmake the polysaccharide 
into a better immunogen. The polysaccharide or fragments 
thereof have been cbvaientiy ^oxiplea- iwith-: .various im-r 
munogenic protein^; -'such ^as" dip4itheria- or tetanus toxoids . 
See, for example; U;S. 'Patent No. ,4, 673:, 574 issued June 16, 
1987 to Anderson; -U.S«'Patent^No-47 808v700 issued Febru- 
ary 28, 1989 ^i:o Anderson, et al.y Europeeui .Patent Offipe^ 
Publication No. 0 245 045 dated November 11, 19B7, and 
European Patent Office Publication No. 0 098 581 dated 
January 18, 1984; all of which are incorporated herein by 
reference. '-'-^ ^- -.i -^r- :.=H:_ ^ '-yEirxjZ^ 

Several of the conjugate vaccines have b^en shown 
to be safe ai^ more immunogenic than the conventional , 
polysaccharide vaccines in i children, particularly infants. 
The data suggest that the conjugate vaccines are 
functioning as T-ceil dependent antigens. A Trcellj- 
dependent response^ provides for a better, overall -immune 
response in a patient. One of the conjugate vaccines has 
been approved in the United States > for tihildren 15-18 ; 
months of age. ■ ; Two* of the conjugate vaccines have -been 
licensed in the United States for infants as young as two 
months old. 

' The vaccines currently available to the medical 
practitioner have several major limitations. First, they 
do not protect against other Hi infections besides Hib. 
The polysaccharide is not found in non-typable iL. 
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influenzae ; therefore, antibodiesjrtp i^t H^e non-protective 
agalqst t^e^e_.sjjrgL^ns^«^e pi:obl«ms> iwith 

. - re$g.eqt to Trep^^adxjgibllity^ ^, pQt;fii\c y^:; and ^J^J:y- . : - 

There>-aj-e severe:! avenues: ofeionrrgoing research: on 
way&otq.overcpme^:^^ been 
tOcdevelop procedures for Hib polysaccharide synthesis. 
The Hib capsule consists of a linear horoppolymer of 
alternating moleciUes-pf ^ joined by^ a..;. 

phosphodiester,^lir^^ by the fol 1 owing: cj ^c 

fonnulat-« .;_.^r, r^,- . ui^.;i.'-'ui;war;." si;r:£; '^L: '.^v - 




The polymer is known as polyribosylribitol phosphate and 
abbreviated PRP.^ ooieocv cm"-, aiv- vm -xi--:. .tr 

, The PRP obtained, : from naturalcsources;Ais crude 
degraded polysaccharide-. It.^ varies i inr molecular ; weights i 
between .200 KD and,»200, OOP KD».. j : c» 
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A few groups have been able to synthesize small PRP 
oligosaccharidesV P6T BxknpltB/'^^ 

Piiblicatibn b 350 '9S2 -datea- ^iAc^rpor^^^ 
herein by* referfeflc^, ai^Blos&s^fie^S^fftfifeii'^if^--^^ 
PRP -oli^osabehatsaei^^or 2-2b^-tiftHs^^a^heit ^^o\?a^ 
attachmeht to-±m^lho4BMB^'t>Tht^iii^^^ lEetaHti^ ' or 

diptheria^ toxins^ of tojipiaSi - ¥ffi-6Ti^6^a6cl^H^es kre 
linked to the 'proteins - througfi k spacer 

triester synthetic-^ procedure wair ^usifd ^t€€^±h^^ -^^ ^ ^' ' 
oligomerizatioh; * Etirdpeari'^Paten€^c£^ • ' ^ 

0 276 516 dated August 3 ; 1988^^^ incorporated herein by 
reference ; also -disfiloses jSyrithetrrc ¥rP "IdI i'gosacch^if idds 2 - 
2 0 monomers in ' length / tlieiir cdii j ugat ion to "carrier" ' ' ' 
proteins, and the use of the conjugates as vaccines against 
Hib. The oligosaccharides'' are pfepdred^^t^ '^'^^ 
phosphbtriester synthetic procedure for oligomerization. 
Both of these involved solution-type synthetic technicjues 
for the preparation of the PRP oligosaccharides. 

Elie, et al,, Reel. Trav. Chim. Pavs-Bas , 108:219- 
223 (1989), incorporated herein by reference, discloses the 
solid-phase synthesis of a PRP hexamer.. The units were 
coupled using a phosphite triester method and controlled- 
pore glass as the solid suppoiHE; '' '* ' * ' 

The use of synthetic PRP fragments should provide 
several advantages over the PRP obtained from natural 
sources. Synthetic PRP is chemically well-defined and 
characterized. It would be of superior quality and less 
prone to produce side effects' irt' humans;'--TtS iise would 
also obviate plfbblemg -reifeftlin^^ to' rfe^roduM^bllity^^^^ pbtenc^, 
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and safety associated with >PRP obtained from natural e • 
sources.-- -lit .^ddxtion^ while the naturally occurring PRP is 
generally cross-linkied to the protein carrier at random 
points along its -chain-> :syjit^et4c -PREiican.Jierconjugate^^^ 
through -a single point-r which cr©atesriess:vundesired:=^r.; • 
epitopes. --■"•jrj-";- -' •■ . v<icr:j.:ne .:.j..^c- ':ori-;i :•.-!'•- Jr;. 

This research promises improvements tor existlTig 
vaccines, but! there! are still drawbacks. First, the PRP 
synthesis is complicated and relatively inefficient. Thus, 
there is a need for improved synthesis prccedutes. . Second, 
these improvemehts„. will be limited .to vaccines against Hib. 

Another -approach has beenr to f ocus.. on cthe protein. 
There are some -BVailable data s suggesting that ^the -protein 
and the- carbohydrate parts x)f -the conjugater-vaccines :.acfe as 
independent immunogens.- Therefore, the choiGe.;of the 
protein component becomes -important .in seeking to enhance 
immunogenicity. It would ibe more desirable to have an . 
immunogenic protein : or polypeptide derived -from iLs. 
influenzae as the protein component rather than a 
"nonsense" protein.- - ■ ' 



- - - At least- one group has conjugated an -Hib router 
membrane protein-.to' PRP fragments. See European.. Patent-. 
Office Publication No. 0 338 265, dated -October 25, 19&a, 
incorporated herein by reference. This application 
discloses 38 and 40 KD- outer r membrane; proteins of Hib and- 
their isolation, and. purification. v-The.itwo proteins, are _ 
quite similar ^r.. They are known as protein 2 .(P2) or protein 
b/c because' they occurnas a doublet. rThe moiecular weight 
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depends upon the^StraiJi- from which - they are- dbtaine^d. - I'hey 
are cros9^r6act£^6,/^hive^ verjpM acfid- ' 

compcjsiti ons / wd'^h^ive-the samft - aftittb'-^ arid e&rb6k^ tferminal 
sequences.-^' 'The proteins^^afe 6bttp£6a^to''PR3P ftagfcertts fay^'^ 
reductive amiriation;^ 2^- PStP^ftagafehts'-ai^ -bl^^^^ ft^ixn 
nat^Mlly ' bCcurf ifi§ •PRP->u - ijphe 

application states that .the carrier proteins themselves may 
confer immunity. 

This apg>r<3^ch also suffers frorii'certaih limita- 
tions. The outef membrane proteins- -iaay-^^v^ 
types or serbty^^e^^\?ithin-a-'^^^ 

al., in S.H. SelP^fid'PiF; Wiright- (ed V V ^ Haemofihilus 
Influenzae; EpfdemiblocnrV"- Iimuhb ana-Privehtion , (New 

York: ^ Elsevier Biomedical (1982)). Theirefore, a vaccine 
based upon a particular outer membrane protein 'may not be 
effective against t:he • brn^ad^r -spedtrtm pathbcrahic-H. "'^^"^ 
influenzae bacteri* -and miay ^htSt Hevefi^ be- fe 

all strains of--itib^^^' -^orr .V; rt: ^^^n^ror::- -jr- nn1r.^ho:\^.z^r. no i±f^ 

Others h^Ve f bciised oh Hi proteins and peptides ^ 
alone .as vaccine candidates. TPor exariple, see'^^PCT tHiblic^^^ 
t ion No . WO 90/ 02 557 / pUbl ishieff ^MarcH 2 2 ■ 6 ;^ > * ' 
incorporated" herein 'by reference j This applicatibtt" ' ^-^ 
discloses two-«itlgfenically related ffi outei^-meMji^atie^ ^- ' 
proteins with a^ mbl^cular weight bf "about iS^^KD?^^ It;^ * 
further discloses related fusion proteins and p^eptidte frag- 
ments of the outer membrane prbteinsT'Tcnethods of purifying 
the proteins, and methods of making them by genetic 
engineering. All of these are ^claimed to be "us6^^ as 
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imiQunogens^ in vaccines . • Such vaccines -will also have ^ the 
drawbacks mentioiifidE iniinediately^^^^^ rnc:. oernrK:?.- 

..... -rnT- r'CAa:v:^.i:^ni^ r^.ar ^^v.^xng^ncy . 

Clearly, there is a pressing need for a safe vac- 
cine that is effective against boJ^;-inyasive.,and-npn- ojc^ 
invasive H > influenzae , ^^^paarticulagrlyr in .infants 2r;§j months 
old. This ideal vaccine would also be effective against a 
wide variety of strains within each of the two categories 
by eliciting ant tbodies against a determinant found on the 
surface of most or"!ail strains of H. influenzae, _ 

The present^ invent ion overcomes the liiiitations of 
the existing -technology and meets _th^1t i^ _It provides 
novel synthetic PRP conjugated to newly isolated and 
purified H, influenzae adhesin proteins. 

The ability to use an adhesin protein in a vaccine 
against H- influenzae is ::extrCTiely desirable • Because ;Ofr 
the way they ftinction, adhesif> proteinsi rarer believe^ to be 
highly conserved among strains of a particular type of 
bacteria . This is ' because-rtheyr egrre ther protein lopleculess 
that mediate attacluaent by .bonding J^acteria tojtost pelj-s^^ 
the initial step in the. infection proces^v;, .Thus^ . ;th%, rr. - 
adhesins would be expected to be present in all strains 
(both encapsulated^ and unencapsulated) of Haemophilus*. 
Therefore, the present vaccine would be effective against, 
broad array of types and strains of Hi. In addition, 
vaccines based upon adhesin proteins should be more ef- 
fective than those based upon other outer membrane 
proteins, even for those bacterial strains from which the 
outer membrane proteins are derived. Antibodies to the 
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adhesin protein wpuld prevent adherence of the bacteria to 
the tissue of the host animal. Adherence is 'the initial 
step in Hi infection. Stopping the infection at this point 
would be the best approach possible. 

The novel PRP of the invention also has advantages 
over the existing technology. It is better defined and 
characterized, and it is of superior quality when compared 
to PRP obtained from natural sources. Also, it has been 
more efficiently produced than the synthetic PRP described 
above. ^ . 



SUMMARY OF THE TNVENTION 

It is an olDject of the invention to provide an im- 
munogenic oliqosaccharide- H. influenzae adhesi n protein 
conjugate and a method for making it. - 

Another object of the invention is to provide a 
vacciTie for protecting a mammal against H \' in j^luenzae . 

Yet another object of the invention is to provide a 
method of inducing an immune response to H. influenzae in a 
mammal . 

A further object of the invention to provide 
purified H. influenzae adhesin proteins. 
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A still further object of the invention is to 
provide a purified polypeptide capable of -eliciting an 
antigenic response to H. influenzae in an animal host. ^ 

Yet another object of the invention is to provide 
methods for producing purified H. influenzae adhesin 
proteinis. ■ - 

A further object of the invention is to provide DNA 
coding for the adhesin proteins jind derived polypeptides., 
vectors containing the DNA, microorganistas transformed by 
such DNA and vectors, and methods for preparing such 
materials. ' 

A still further object of the invention is to ^ 
provide a composition of matter consisting essentially of 
synthetic PRP oligosaccharides having the same number of 
monomeric units and a method of preparing the synthetic 

Another object of the invention is to provide 
compounds useful as intermediates in the preparation of 
synthetic PRP and methods of preparing such compounds. .^^ 

Additional objects and advantages of the invention 
will be set forth in part in the description that follows, 
and in part will be obvious from the description, or may be 
learned by the practice of the invention. The objects and 
advantages of the invention will be attained by means of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 



I 

I 
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< To achieve the objects and in accordance with the 

purpose of the invention, as embodied and broadly described 
herein, the present invention provides an immunogenic 
oligosaccharide-protein ^conjugate useful in a vaccine for 
protecting a mammal against H, influenzae > The conjugate 
is made up of a PRP fragment /'preferably a' synthetic 
oligosaccharide, coupled to an H. influenzae adhesin 
protein. Preferably, the oligosaccharides contain from 2- 
30 ribosylribitol phosphate monomers, and from 1-30 of such 
oligosaccharides are attached to the protein. In an 
alternative embodiment / '-the oligosaccharide Pis bound to a 
polypeptide that is an active -site of !^ the -adhesin protein; 

Preferably > the vconjugate ^is represented 'by : the i?- cc^ 
following . formula :;r^'- . c] ^..n^'n.^'t a» •mu.v c^;.: o --icl^ -.o 




where m is 1-3,0, rij: 19, 2-30,- R .is: (.GH2)pCH2NHi<x>r 
(CH2CH20)pCH2CH2NHCSNH where p is an integer from 1-3, and 
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X is axi' H, influenzae adhesin protein or a fragment thereof 
containing an active sitee of the. protein, /r . r::: _ 

The vaccine :Coii^)rises ^em: immunologically effective 
amount of the: conjugater^on. a pharmacjeuticaliy -acceptable 
carrier. Preferably, the vaccine also contains an 
adjuvant. The administration of the vaccine or conjugate 
to a human or other mammal induces a T-cell dependent 
protective itmime^ rBspqw^e^ 

The invention further jcomprises.. an dsolatedv and a 
purified Influenzae adhesin: protein and modif ied s 
proteins and polypeptides derived :from "the adhesin protein, 
provided such> derived protedais ^ahd xpoiypeptides^ are. i ^ -^if e 
immunologically^ cross-reactive with the udhesi^i protein.- ■ 
Preferably, such^^derivati;vesL are one? or more epitopes of 
the adhesin- protein . In ac particularly preferred ; , ^ - « : ^ 
embodiment^ thec^-epitope is-also. a receptonJainding site. 
The proteins and polypeptides may also: be used in vaccines 
without being conjugatedctoi theusynthetic ;PRP. : : v 

In one embodiment, the adhesin protein is a minor 
H. influenzae outer membrane protein -with, a inoleciilai; vm;: 
weight of about 41,000 daltons^ In another -preferred 
embodiment^ the adhesin protein is an i H . i Inf luenz ae outer 
membrane protein with a molecular weight of about 47/000^ 
daltons. ■ - • /.v^ ^ ..^ • .^-:-. 

In one embodiment, the adhesin protein -is purified 
from H . influenzae - bacteria . . Hi membranes- are: soltibilized. 
The solubilized^ material contains the adhesin protein, ricv: 
This material is separated from: the insoluble material and 
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contacted with receptors for the adhesin protein for period 

of time suf f icient : *or-^ thfe^^pirbteih ttbl^euittb^^tbybind^ fco-the 

receptors." lfee-i4-feeet>tors-Aare-&«tafehea^^tb Ah^ 

solid suppbi:*4neAe^;a-r^ul%->-t«€^ 

the Bolubilized aa'tferlal<^" Th^ proteiii- ft^ 

removed^ from^ th^e t^ceptorsotheteby bfelrig^JriboVfered in 

purif ied- form*^?-Jt-^^"* ~ w-^ i,IiLij.^:a w^^;. Kzy-- i^r.: „v 

In another eitibodiinent the adhesin * |)t*6teins ■ and ' 
related polypeptides - of the 'invention ^ are ptef Stably 
recombinant proteins and polypeptides^tHat have been 
produced through:^ 9eri6t id -engineering^ technic^ -They are 
produced by ah appropriatfe ' ho^t cell -that has been " ■ ^ 
transformed by -DNA that codes' fdr-sttfeK^p^ 

po lypept ides ^ - * ' * * ^- ^- ^ • ^ ' *- - - ^ i v ^ .» s. Okv -:• ^: j r a :^ s s cea 

An isolated ' or substantifiilly "ptire- DNA^-setjaerice ' that 
codes for the adhesin ' proteins of the invention is obtained 
as follows. Adhesin protein receptors or antibodies to the 
adhesin, preferably Jmoho616nal antibt)diefe'; alire used to 
screen a genomic^ librarj containing: Hvi inf^lueTTzae QNA , - The 
library is made ^^of *" clones which cbntaiti different sequences 
of the DNA which haVe been operably and reeoverSbly 
inserted into ^ a vector, with each-ef the ^^tbrs^^ttontaihihg 
only one sequence of the DNAi The-^Tnonodlonar'ahtib 
receptors » identify ^the clones -that produce the adhesin P ^' - ' 
The clone is then isioratedi- Preferably; trhe exogenoiis 'I^A "^* 
sec[uences are^ recovered from the clone:-' '''-''^ >.v^iiL: j:: e?: r-r:. 

The invention further c6nqpf ise^ isolatied oiT"^ - * - 
substantially purified 'IWA derived from thi^ DNA f or " - 
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example/ by'' single'^ or miilt'ipI5*^niMatibn^7--"^l»r^ 

DNA hybridiies ViiaS ■tRe;^*fJp^<ifi€aIneS'=f rdfc 

library 'unddt*^ic<^lti«MW^ibf^iqfh''S^ - 

■- - -^he iriverition farther "eoiSpflSei S^iyfttfietic'^PR^E^' ' ' 

oligosacch'aride'^ i-^pfeseft€ed^by'^«ie*^f Siiiw'lh^^^ 

- ■ -.••-.u*=sc .1 K^y.i.-r.riCfc ^occtt-xor. rot c.ii.i.i> oi;'_-'.^:.r. j.r. 



MO-I ^""1 rtu 

Irr -OH? 



O OH 



n 



where n is an integer from 2 ta Sb'^and'^R^' is"(CH2 
(CH2CH20)pCH2CH2NH2 where p xs iiiteger f irom 1 to^ 3 . 

In still 'ahbther einboditS^Vi€/ the i^^ 
a compound iisefur as an ' intermediate in tli^'"^ of 
synthetic PRP of t^e iLnV^ntiori. ' ^Xt i^ -repres^ntedi by'^the 
formula:" '^^ ''^ ^: - ..^ i.--. . '.^ 
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where n is an integer ^roia .2 to 30, ^B^ i^^^n^^^^ and r2 is 
(CH2)pCH(OR3)2 or '(CH2CH2O) pCH2CH2R^ where p is an integer 
from 1 to 3, is an alkyl group 1-4 carbons in length, 
and R* is a group that can be converted into an eunino 

group. ^ ^ ^ . : . - ■■-■c- o •. -;:=--.<:^:^i- -^ic • 

This compound is prepared using a sol^id phase 
synthesis. The monomer for chain initiation is a compound 
represented by the following formula: . .. . 

.OBn 

:OBn'""' 



o 




HO OBn 



] 
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. — t_ - * w i ^ : w< J. W j.^ 

Where Bn is benzyl and MMTr is monomethoxytrityl . This 

monomer is coupleS to a sbli^'phase aii^^ 

The resulting detritylated compound is coupled with a 

monomer" f^>r"chai represented by the formula: 

... . wLTUj-. .laa. r:rc.;U i "... 




I — OMMTr 



where Bn is benzyl and MMTr is monomethoxytrityl. The 

resulting compound is then detritylated. The chain 

elongation and detrity^^ a 

sufficient number of times until an oligomer of the desired 

length is obtained. The chain terainating^^m^^^ 

added.' The chain terainatingmonb^^ represented by the 

formula: 
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BnO ^ ^ 



Os=P— o ^^'^ 



ii ■ ».;> n r *. ;i C ."i : jmr; t ; ; ; . u J/ c; 

Os=P— O vBn 

where Bn is benzyl and r2 is (CH2)pCH(OR3)2 or 
(CH2CH20)pCH2CH2R* where p is an integer . from 1 to 3,. R^ is 
an alkyl group 1-4 carbons in. Jepgl^h^^^nc^ 

that can be converted into an amino ^roup»_ The .phosphonate 
groups of the support-bound oligomei:^ are thfn oxidized to 
form phosphate groups. The resulting compound is then 
removed from the solid support and recovered. 

The protective groups on this intermediate are then 
removed by hydrogenation. Where r2 is (CH2CH2O) pCH2CH2R^ / 
this results in the synthetic PRP of the invention. In the 
case where r2 is {CH2)pCH(0R^) 2/ the hydrogenated compound 
is further subjected to selective acid-hydrolysis. 

The preferred conjugate of the invention is then 
prepared by coupling the synthetic PRP with the Hi adhesin 
protein by reductive amination where R^ is ^(CH2)pCHQ,. p:p, 
where R^ is (CH2CH20)pCH2CH2NH2 , by. pr^parfng -^he por- 
responding isothiocynate and then poupl|ngj . tl>^ . . 
isothiocynate with the protein. . .... : ^ / - - 
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The addb^^ are incorporated 

into and constitute a part of this specification, 
illustrate one ekibodiment bl?"'^3itf - iti'^tent and, together 
with tti^^ fe^riiitlort to explain the principles of 

the invention. 

bIrief description of the drawings 

Figure^^i^^hows an analysis of outer meabrane 
preparations by "SDS-polyacrylaoaide gel electrophoresis. 
Samples included the following -{iemest : 1 r total outer 
membrane protein preparation from Haemophilus infl uenzae 
type b stained with Coomassie blue; 2, autoradiography of 
35s-labeled total outer membrane proteins; 3, 
autoradiography of ^^g-iabeled adhesin protein eluted from 
immobilized receptor ai^ittlo^^GMi; '4, ^autoradiography 'of 
material eluted 'from immobilized glbbdside^^ nonsense 
glycolipid . *rrbW^ indicates the adh'esi'ri migrating between 
PI and P2 with a' moliecular weight of about 41 kD.- 

Figure 2 shows the neutralization of Haemophilus 
adhesin to the glycolipid' rieceptor'asial^ ' - : 

[ 3 5s]methionine-labeled membranes from Haemophilus 
influenza type b were incubated with serial dilutions' of 
mouse sera and then allowed to bind to receptor (0.5 
microgtam/well) V The mousie sera used was obtained from 5 
mice, designatieid M-O through M5, which had been immunized 
with Haemophilus membranes. The. sera from an unchallenged 
mouse (NMS) was used as a negative control. 
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Figure 3 shows inhlTbitioti o!^ HaembTjhilus^ tneiribr'ane 
binding to asialb-GMi' witii se^l^ kiitibodies. 
[35s]inethionine-labeled loaeinibranes ft*6ai TlaeiiibPhliTis Were " 
inciibated with ' siipeimatai^^^^ t^f hybridoma cultures- and then 
allowed to birid^to receptor (V-^ ^ micrograin/^welT) V A ^ 
negative receptor control 6Y^^^ indicaifels the'^j>eciif icity 
of the receptor-^ igand interaction. Mouse sera (M-2) 
(1:500 dilution) used in Figure 2 shows strong, positive 
inhibition. Media shows no ^inhibition of binding by 
membranes to a^^lo-GMi. Two classes of positively - 
inhibiting hybridomas were f ound. Hib 10 shows total 
inhibition of binding. Hib 30 and Hib 43 show partial \ 
(about 35%) inhibition. Most hybridoma cultures, such as 
Hib 2, showed no inhibition. All hybridoma cultures tested 
for binding reacted positively with membranes in an ELISA. 
Error bars are included to demonstrate the variability 
between duplicate wells. 

Figure 4 shows the identification and 
characterization of the 47 kDa Haemophilus adhesoLn. The - 
monclonal antibody, which pairtialXy 'inhibited' tnembrari^ 
binding, Hib 43/ was reacted on Western blot to ideritify 
the molecular weight of the protein it recognizes. Whole 
cells were run after no proteinase K treatment or either 
treatment with proteinase K prior to lysis in sample buffer 
or treatment with proteinase K after lysis in sample buffer 
(reading from left to right) . Non-treatment identifies the 
47 kDa protein; treatment of whole cells by proteinase K 
prior to lysis indicates the sensitivity of the protein to 
this protease in its native location; and treatment after 
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lysis by proteinase -K demonstrates the general sensitivity 
to this protease after disruption from that native 
location. The Escherichia coli XL-1, transformed with 
pMClOl, expresses the .47 kDa Haemophilus protein, which 
reacts with Hib 43, The 47 KDa protein was. :al so sensitive 
to proteinase K treatment; of XL-l/pMClOl^ghble cells. 
These data suggest a surf a^ce. IpQataoD^jPpr ^is protein in 
both hosts. 

Figure 5 shows a restriction map of 'the region in ' 
Haemophilus influenza type b that encodes the 47 kDa 
adhesin. A 10.5 kbp Eco Rl fragment that produces the 47 
kDa protein which I reacts with Hib 43 monclonap antibody was 
cloned f rom ■ an H^femot^hilus^ lai&bda ZAPIiegenebatik.^^ The ^:- 
helper phage_. R408f: was used torinduce v^a plasmi'd conta ining^ 
this insert in ^ the vector pSKt*^) •"^^'^ ^ ^ ^ " " ' ■^■■^ 

FiguraA6. shows the. glyoolipid binding phenotype: :of 
E s Che r i ch i a ■ c o 1 i: r; tfaa 1 1 expre s s . the Hib ^47 sikDa iprotein.i ^^The 
ability of membranes from the E w i col i ^> jXE^I: , \or f rom XL-1 
transformed with pNC101>: designated 3, were compared using 
the standard binding assay. Serial dilutions were made of 
glycol ipids_ with receptor activity: asialo-GMi^ asialo-GM2# 
sulfatide, or the negative control, Gb^. XL-l/pMClOl binds 
with high affinity to these receptors similar to / 
Haemophilus . ' . • ; n- - .ixy. . .. 

Figures 7A andw7B' show .the^xnucleotide sequence of 
hin47 (SEP ID N0:1) and the -deduced Hin47 amino acidi^ • 
sequence (SEQ ID n6:2) . The-nucleotide'-sequence is 
numbered above each line and:^ the ^^deduced .liin4:7 amino acdid- 
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sequence is shown, below- the line. The. open reading frame 
for the Hinllogene is between nucleotide. 115. and 1503.:- The 
end .of : the putative deader csequenqe /and beginning, of ,the<. 
putative mature polypeptide -i^ iijdiQated..^^ riiucleptide base 
189. The. predicted molecular wMght .<?f .the; '^nature :: ..: c r. 
polypeptide is .4.6399 and. it -has a pI ofr:.i.5.^^^^^^ = 

Figure . 4. shows the ff^Amoohilus . influenza type , B , 
strain 9795. Hin4.7 : amino .acid: .sequence. <jpmpared with ,the 
sequences of 5 non-typable strains as designated. 
Identical amino . acids are indicated by Amino acxd. 

differences that arc conservative with respect, .-to .charge, 
are noted by lower case letters . Amino , acids that differ 
with respect to. .charge are noted in .upper case letters. 



nTrrrATT.BD DE grPTPTTON OF THTl TNVI;NTI0U 



Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention, which, 
together with the following examples, .serve .to ..explain the 
principles of . the invention ' ' ' 

The invention. comprises. an immunogenic. - 
olign-rr— influenzae adhe6in:proteixL conjugate 
useful as a vaccine against H, innuey>zae„: purified ^ 
influenzae adhesin proteins and related proteins and . . 
polypeptides, DNA coding for the proteins and polypeptides, 
host cells containing the DNA and producing the proteins, 
and polypeptides, synthetic PRP. . oligosaccharides and 
intermediates. useful- for their synthesis, .and .methods of 
making and using these materials. 
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Iininunocreni.^ ^ iConi uaa^e f- „ =?ucHcn£^c nc; nn msoiuii ! ^ l_c: r 

c ■ -:r The conj\igate;:coinpri«esracpolia:ibogtyir4J3i^ 
phosphate fragment rxshemicaliy ::coupled to a rpi^r if ied . H> 
influenzae >adfacs±3x:t3roteinra rJ^ref erabiy^.rthecPRP cf ragment 
is a synthetic Qligosaccharide./^' /Ecoinal ■tQ> about , 30 .and 
preferably from jabout u5 i to ; 2QLOf the natural. rfyagm^nts,:Or 
synthetic oligosacobaridescarej attached: to; the ■ protein .>^oc 

The fragm^ts' are -attached to the protein , by known 
technicpaea f or .covalently-attachingjpolysacchd:rides to 
proteins or polypeptides; ?applied to ythe teachings 
contained .hereiinv- c^Thec preferred techniguea here are , : r 
reductive amination -or. isothiocyanate coupling. . 

Any^^adhesin proteinnmay^be used> . . In one ; < 
embodiment:/ therpurif iedradhesin^^proteinsis a minor Hi 
outer membrane protein with a molecular weight of about 
41,000 daltons, distinct, from Pl:or. Pav^:a zr .i 

In another preferred embodiment, the .purified ? , 
adhesin protein as lanrHi iOuter .membrane: prpteiocWith 
molecular weight of vabout 47 , 000 -daltons^-: distinct- from PI- 
PS- ■ : r.; ... ...'^ 

Alternatively, the: protein, may: be replaced by ..a 
polypeptide that lis an active site of the adhesin protein. 
As used herein, the term "active site" means an epitope 
(antigenic determinant) or an H. influenzae receptor. ^ . 
binding site, which: may or may not also::be an^epitope. As 
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used herein, the Urk •-redSiitbr.'* H«**"fcAHto»e{i«^cuie that 
binds^^to Hi idK^^in prot^Srit-'-' ^ehe^ftk<!*Wiletaiie is 
preferably a gi^cost»hingSftpiaV^ witht.!it^ ifTtfeTiding to-^lmit 
the^ scope 6f thi="iriv6n€lc>nrH€ ' is -belieVed that -the binding 
site is ah' epitope. 



^ vmeh' the 'PRP'fr^grli^nt'-is'&btMn^^^ 
sources/ it is^ 6f ^ varying 'lehgtliir' btit- pretef abiy' about 8 
to 120 monomers ih' length: ^-^SUch f tagm^i^s' are' obt'airted by 
known techniques, such^ as those^dfescribed in the above- 
referenced European" tiitent^ Office PubTifcatiott'W^ 
0 338 265. 



'jJj.'' 'l; rlO c!!l''03.'0«'"'"r' ci"i"t' 



Synthetic PRP is a linear homopolymer of 
alternating molecules of ribose and ribitol joined by a 
phosphodiester linkag^ 'anii' rei>resent'ed 'i>y the forinulaV ■ 




"J -•. 



Where n is 2 to 30 and preferably 5-20. Sudh syntHeticr " 
PRP's includ^ tiiose khbwTi in the art as "weii as'' ^hle^ 
ones of the invention ' iFor exaftt/lfe, the pr^idusiy 
mentioned European Patent office PuKlications 0 320^^942 and 
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0 276 516 disclose synthetic PRP^rs, ^ be used in 

the cpn j x^igat^ of the^. inyeptipnjr. . ..^ , . , . v . 

P^refer^^bly^ the synthetic. PI^ is^ a-coinpQund ^ 
represent^ J^3f.^ the formula:^ 




O OH I— 



—OH 

— ori 



OH O 

P- 
II 



HO 




•O pH 



-11 



where n is an , integer from ^2 to 30. .and n} is (CH2)pCH0 or . 
(CH2CH20)pCH2CH2NH2 where, p isf an integer from 1 to 3, 
Preferably n is 5-20 and vp^is, !• . The synthetic PRP will, be 
associated with. a covmter^ ion. . Preferably^ the ion ijs 
sodium (Na"^) • , 



The si^thetic oligosacchar^^ 
chemical spacer or, linker, by which , they. (arf; at^:ached to :the 
protein. Suqh , a spacer..may be, any ^ chemjical linkage that,_ : ; 
serves to connect the PRP and the. protean and that has ^ 
limited or . no adverse effect to the animal host when the ■ 
conjugate is administered. _9uch spacers ro^y incjudenthose 
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known in the art as well as the novel spacers of the inven- 
tion. Known spacers include those disclosed in the previ- 
ously mehtroned European Patent Office Publications. 
0 320 942 arid ^0 276 516 as well as those disclose^, in U.S. 
Patent 4,830,852 issued May 16, 1989 to Marburg, et al., 
the latter of which is incorporated herein by reference. 
Preferably, the chemical spacer is a moiety represented by 
the formula: 

HO-., ^O. ^ R 



Where R is (CH2)pCIi2NH or jCH2CH2p)pCH2CH2NH^^^ is ., 

an integer from 1-3 preferably i. 

In the most preferred embodiment of the invention,., 
the conjugate is represented by the following formula:^ 

->. . i.VT'v;*. ^>*^ ;1 i c^^^^-.l^'^^- 



! 
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where a is l-30rvnuis.a-^3O,-Jl ifi^?^(CH2:^ .:v::-::a 
(CH2CH20)pCH2CH2NHCSlffl where p 1-3;^ .and X 

is an H- influenzae adhesidr. proteinr^jr. 2cif ragmewt thereof 
contaiTiing an active: site t)f the: proteinv: i ^eferably, m is 
5-20, n is 5-20, and ip is L. _ The symbol iit; the above- 
referenced formula may. also .represent certain, derived 'jor 
modified proteins or polypeptides discussed, below. The 
conjugate will be associateda^with. a- counter ; ion. \.j:.':yi:,oxyi^. . 
Preferably, the ion is- Naf^.^ov: j.-. ; v-oi.-^ Of^:.- -:ico:.;::Xl: r.^\^. 

^ - r .-■•r =. ' O''"''^''- '- 

Adhesin Proteins -.v-. .r -.iv:.-^ i- -i,,- -.-- 

The j.nvention . further :CQmprises. an isolated :1L.::. 
influenzae adhesin protein. m As^ lused hereinj,,rin thisrr-- ^ 
context, the term "isolated" means that the p?:otein is 
significantly -free of other proteins.. Thatv^is.ri a ^ r . 
composition rcomprising the isalated prpteiii , is.. between 70% 
and 94% pure by weight. - Preferably, the protein isb: 
purified. As used herein,, the term x" purified Vv and . related 
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terms means that the -^pl-otein i^ at Iteast 95% pure by - 
weight, preferabiy^at l^ast ^>US'e *y weight, and most 
preferably at least 99% pure by weight. The protein binds 
to a receptor selected from the group consisting of 
fucosylasial6-GMi; a^ialo-GMi;- and asialo-GM2-,- all- of which- 
coritaih the •stnlcture^N-acetyl^dlactosM^^^ ' 
4 ) galactose (beta T:-4 >gl1i.c6se- (beta 1-1 H^eramide abbreviated 
GalNAc (betal^4 ) Gal (l>etal-4 fGlc (betal-1 ) Cer . The protein 
also binds to andtR6r ' i?edeptor }• phosphatidylethanolamine. 

In -one eiiibodiment , the protein is a minor outer 
membrane protein with a molecular weight of about 41 KD as 
determined by SDS^-PAGE. f It is distinguishable from the - 
various major outer membrafte proteins that have been - i- 
identified for Hi. In particialari the protein- appears .as a 
fainter band between the bands oh a polyacrylamide gel for 
the outer membrane "proteins known as PI and P2 . See Figure 

This purified Hi adhesin protein is prepared 
preferably from natural sources as follows. Tli bacterial 
membranes are obtained by standard techniques and " 
solubilized, using a solubilizing compound, «uch as a ' v.. 
detergent; Preferably, the- membranes are mixed with the 
detergent, and the mixture is ^sonicated. The most 
preferred solubilizing agent is a solution containing about 
1.0% to about 1.5% and preferably about 1.3% octyl- 
glucopyranoside. The adhes in protein is dTi the solubilized 
material. The remaining insoluble material from-the- 
membrane is separated, preferably^by centrifuging. ^ 
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- : that 

bind the protein and are attached to an insoliible solid 
support or matrix, such as a microtiter well or a gel, for 
a period of t:ixffe^ and unfler conditdotisi€tifl?ici4&ntr -f or the ^ 
proteiiT to bind, to the"T^eceptors7f^ thue=?fefepi*ating""the^^^^ 
protein from the^ other materialfie llh^errprc^erreff recepti3^ 
for the adhesin proteincarfe fucosylafelamD-on;; asialo-GMl, 
asialo^M2 V and-phcsjrtiatldyle«ian6laTnir^^ ^ These receptors 
can be? • prepared: tit' accordance-' «rith ^ (thee plro<:$edure&' disclos ed 
in Kr i van , et ^al^^^c. Proc:; Natl /" Acad^.^ Sci : : USA , n « 5:: « 1 5 7 *^l 6 1 
(1988 ) v incorporate here in - toyn re?f er ence ; ^he^ ■ most 
preferred xeceptory- ^asialo-GMl, is also commercially 
available. All of these receptors, except 

phosphatidylethanalaininevrr' contalK^tWfe carbohydlrate^ segtiis^^ce 
GalNAc (beta-l>-4:)nGal (bet«l>^4f Glcr; whic^r^ accordingly i ro€^> 
also be used : as a receptor for the piiriflcati^on- of the' -^^--^ 
adhesin proteinv^ ' This sequenceoca^^ ^sing 
standard ^^carbohydrate synthesis techniques . 

The adhes i^i prtyt elm is th^n^ e l^t ed'^ Ms ing «ie^ ^ ^ 
appropriate agenta'^^ miis' may be f tefe receptor-iti^ol^itionv- 
SDS elution buffery or a chaotropicr agferrtv>6uch as l^SCN, - ^ 
NaCl, or quanidine hydrochloride.^ ' The^ielute^ prot is 
then: tested against the receptor^ to^^eonflrm ' tlvat *he- 
protein ^does bind^^o it.- The^pur^ity of" the- isolated 
protein Is analyzed by SDS-PAGE. Preferably; it wiaa 4)€^ ' 
about 99% pure after affinity purification Wittt the most 
preferred-'-receptor;'-^- * ' • ^v('.u.> '...c; ■ oy ^A-i:^:./r:f^- -.i.iw 

For purification ' of larger- ath5ul¥ts' of the adhesin 
protein , chromatography is* preferred ; • The- receptor is ' 
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immobilized onto a hydrophobdc gei ^suppor*^ such as octyl:- 
agarose.. This, matrix is^4>re^iared- byLiadsarhing^ tbeL ujuv^^e. 
receptors itQ: the hydrophobic gel: d^: the pres^^e.vofc saeLt ^ 
described a>y.THir£ibayashiv^ etv al^c.fiorx otdiiBfcigly^ooldipids/. w 
Hirabayashi,;vet ial^v^ j>'rBiocheTr^T :de:^7a)43M7-330 (1983) , 
incorporated herein by reference. Photoactivatable 
heterobifunctional crosalinking .ag«its Jiave also been used . 
to prepare glycolipdd -af fiaaity matjjioee^j.-: C^c,r J^ 

Libid Res. , > .25 : 15.10^1012 ( 1984 ) .incorporated herein">l>y s-o 
reference. : In this ccase> the .receptDrf-.actiye lipid is: 
covalently ^cro5Slinked-.tOntha..gal csuppor^ The column is 
then preferably washed extensively with an appropriate 
buffer solution, such as TMS -buffer- saline v^>to^ the Tone 
protein is -elutedi^.^-- ^ - -■■■.'xj-- - wv.: ;-;^ri^.. .ri,;^..- u: --u.^ o\ 

A more ; pref erxied jaethod jLs. ctOi purify . the adhesin by 
affinity chromatography using an :anti-adhesin monoclonalvor 
polyclonal antibody prepared, iby >^tandard techniques . Jn^ 
this case, the ^ antibodies are-coyalently linked: to -agarose 
gels activated .by . cyanogen? Jjromide or succinamide esters^^i ? 
( Af f i-Gel , BioRad . Inc . ) . or hy other^ anethods.. known by those 
skilled in the art. The sonic rBXtr^ct. is. Ipaded on ^the top 
of the gel described above.; ^iuii.': := w ; 

In another preferred embodiment, the adhesin 
proteins comprise an H. influenzae outer membrane protein : 
with a molecular weight of ^about 47,>0O0-daltons,: Eiguresi- 
7A and 7B show the . protein amino acid sequence as well as 
the designated nucleotide sequence £Of the open reading 
frame (ORF) encoding a 4 9 kDa protein .c The 49W)a protein 
comprises 463 amino: acids (amino acids 1-463 in figure 7A 
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and 7B) , includes.a^ putative signal Jrsequencfa of 
approximately 2T 5 kDa and 25 amino acids, ^ theretxy ^resulting 
in a matu^e^^prtiteln of aj^roximately^ 47K:i)cDai:and" 438 -amino 
acids^^am:ino. acidc- 2S through >463w>on-'FicFare^7A and &) , 
herein designated Hin47. -This-^proteinr is-,::distinguishable 
from the known _Hi proteina-Pli»P6 :onr-therbasis of. molecular 
weight and the fact thafc thoseiproteins are - integral - 
membrane ^ proteineve while this, protein -is an- outer membrane 
V protein w ^Itiis^:^^!^ binds toJthe. previous mentioned 
receptors as weir as to sulfatdde,^ <S03"-*^alactose(beta l- 
l>cer£mide) a»a it is soluble^jxn 1% Sarkosyl (N- * 
lauroylsarcosi^e)^/-^' .^^j 5k= \:r^;: -^'. rr/ 

This protein is preferably prepared in purified 
form as follows. Hi membranes are extracted with '-a ^ / 
solution that removes membranec associated! proteins , which 
produces an extract containing the : adhes in -protein along 
with other membrane:- associated proteinsv^i Preferably this 
solution is a nonionic detergent , such as -Sarkosyl^ or : t 
octylglucopyranoside ; The: insoluble material is r separated 
from the extract^ preferably by centrifugation\ This 
produces a supernatant- that contains ^ the : adhesin protein . 
The supernatant is then brought into contact with a i-^i^:^-:: 
monoclonal antibody which recognizes the adhesin protein. 
The antibody is bound to an insolxible solid support. The 
contact is for a period of time and under standard ^reaction 
conditions sufficient for the adhesin protein to bind to 
the monoclonal antibody.^ Preferablyv- the:;solid support cis 
a material used in a c^omatographicv coiumnw : . The adhesin i 
protein is then removed from the antibody / thereby 
permitting the recovery of protein in purified form. 
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PreferedDly, thenoriionic^-detergent solution c is irexnoved^ from 
the superoatant^tofisforeithe supernatant is subjected- to the 
affinity chromatography; -Such removal.' is pref eratoly ' 
accomplished by dialyzing-the-sup6»natantyto produce a 
dialysate that is:^ substantiallyc free of the detergent. 

The monodional^ antibodies can be prepared by 
standard- techniques^, ^ givten >thei- teachings contained- herein . 
Such techniques are disclosed -^^f off-' exattplej^-dn^UvS. Patent 
No. 4,271,a:45;^i?6sued June-^2v* 1981 to Wands et al. and U.S. 
Patent No. 4,196,265, issued April 1, 1980 to Koprowski et 
al., both of whi<:h aire herein by referencci^ Brief ly>. mice 
* are immunized vith Hi^membranes i ' - Hybridomas are prepared 
by fusing spleen cells from the -iftice with rtyeloma cells\ir- 
The fusion products are screened for those producing^^' 
antibodies that bind to the- Hi membranes The positive 
clones are then screened: to: identify: those whose binding 
with the Hi membranes is inhibited by an Hi adhesin 
receptor. The positive -hybridomas clones arei- isolated, oand 
the monoclonal antibodies are recovered from"' those* clones. 

Alternatively, the outer -membrane proteins could be 
separated on a gel* The 47 JcDa band- could be cut out and 
injected into the mice. 'The hybridomas could be prepared 
and screened as -described above. .-l . .r f.-__i 

DNA 

The adhesin proteins^ of the invention are: i c'l:.\cc 
preferably produced through genetic engineering techniques. 
In this case; they are produced by an appropriate host cell 
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that has been rtraiaaf 6rined J^y J]WA ^ that r;oodes f qzl :the 
proteins . Pref erabLy:^ .the?i»ostiicell is ^^tJmcteriiun^ and ^ 
most preferably, tha bacterium is r ^;:>rcol± ^7 Et/^ subtil is , v^or 
S a Imone 11a , . a :j u<jr > vc v:^ . . r>.i.^.crn^uxvaxyv ^.i:c -J3:v-:. -iv'"-: :u 

The DNAot^the -^invention J is anr»isolated or^ 
substantially piirified iWAasequence (die*. 7' ; - . i:ruic 

polydeoxyribonucleotide moieciile) encoding a protein or 
polypeptide that binds to the previously mentioned 
receptors. Pref erably:# thevDNA: tofi the ^invention includes : 
an open reading f rame (ORF)*.* sequence (mialeotides 115 ^ ' 
through 1503 iii:.Ei^ares, TA rand-fB)-!/ designated nhdn47 
encoding an approximate i 49 JcDa and ^463 .^amino^ acidiproteiiiP^T-: 
designated Hln47v as ^ shown In Figure© 7A tand>fi, ir Most 
preferably^: : the DNA comprises that spartr ^of the ORF that 
does not code for the signal .-sequence -^(nucleotides 191 
through 1503 in Figures 7A rand B) «. r As used herein, the 
term "isolated" /and .variations thereof means t that: the DNA 
is in isolation .from DNA encoding other protei^is orr^: 
polypeptides normally accompanying rthenHi :adhesin -proteins . 
Thus, the DNA of ±h& invention dnciudesv.DNAi encoding the 
protein or polypeptide when that DNA has been cloned into a 
microbial vector, such as ai.plasmid/ or intova: viral vector 
that may be harJDoredj by. ;a bacteriophage,:. 'priDvidedi such 
clones are isolated from clones: that contain )/J^A encoding 
other proteins or polypeptides: normally accompanying this 
one« As used herein, the term ••substantially pure** and 
variants thereof means, that the WIA- is isubstantially free 
of DNA and RNA that, does notj encode the proteins or 
polypeptides of the ..invention^: That is/ there will-, be no 
more than: about. 1% by weight of other, DNA and .^RNA. and - 
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preferably no more. than about 0.2% by^weigiit of other DNA 
and RNA\-in-^any csample that contains^- the DNA of - the^ ... 
invention. 

Preferably > the DMA isi^obtained by uffing neither the 
realtors or inonoclonalc:antibodies-toi..the^ adhesdns to n. . 
screen an appropriate genomic library that contains I^^^^ 
influenzae DNA. : nSuch a library comprises^^colonies of a- 
single type of microorganism,^ agenerally^ bacteria^ like E. 
coli K12 (XL-1) into which tpieces of the foreign DNA^ have 
been inserted, generally by-being incorporated into a - 
plasmid, cosmid>c:6r phage vector ccompatible with the c^- 
microorganism. : Jibre specifically/ the-library- comprises 
clones of vectors. into which different' sequences* of the DNA 
have been operablyL and recoverably inserted, each of the: 
vectors containing onlyi .one: sequence of the ONA. The 
vectors may be plasmids, » cosmids, phagemids, or j phage 
genomes. If I aiecessary because of the type of library being 
used, segments of DNA will have been inserted into the 
vectors in a manner that : they jwill be expressed under • - 
appropriate conditions (I.e., in proper orientation and 
correct reading frame and with appropriate expression /. 
sequences , including an RNA, polymerase; binding sequence and 
a ribosomal binding -sequence. ) The microorganisms will be 
ones that. do not express the adhesin protein, such as E. 
coli HBIOI. 

Clones from the library are brought into contact 
with the receptors or antibodies to identify those clones 
that bind. ' The clones are isolated . and the exogenous DNA 
sequence is recovered from one of the clones. : The. sequence 
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is preferably evaluate^, tp,,det,eymi](i^ i 

r.-v:P^ef e^^ly^.^jia^gsji^ lib2?ary^ cpj^a^r^JBes . bacteria^ 
such, as Er pol4^^ingggtei^:,byo i.Pra?er|iJ?ly^J>acte?:ioph^ 
lambda^ ; r Plaguj^g.^prgduced^jpy^^ infect^d^ bacteria 

arc- screenedr:J|:>y laonoplonal -axiti^^ identify^ ;yiose-, ^ - . 

plagues containing bacteria :.tha,t, prgduce^^.the, ^adhesin - ^ , 
protein ^ , . c Tt^e ?f?5§.§nipgi inyoixgs pop;^§icting tbj? , pi ague? 
with the monoclonal., f ntibody rt^^ if binding has 

occurred^ using^ s^a^dard ^Jechijiigueg . ^^^pref erably , , . . , ^ 
immunoassays . are^xised.,. ^^,r.:u.^^<^.: : ouci- 

In this pri^f erred emjDpdiment, , tti 
are then iso3,atje4-by^. pur ifying^^;!^ ppsitive, plaques and 
inducing plasmid, formation = in thje bac^eiria in .the p^irified 
plaque with a helper phage according to standard 
techniques . 

, In an alternate pr^ferred^ ej^^ , 
containing DNA that encodes an Hi., adh^pg in protein could^^be^ 
detected using PYNA- Beads, ,accordipg to.^01syic^ 
ICAAC , Houston ^ JCex^. a^S? , , .inoqrpqj;sit^§ , herein, by,, 
reference • . Th^ preyipusly described ?:ec^f ptu?rs wpuJLd b(^^,;^ 
crosslinlced to, tosylated DYIJA, ^eads.M^SP,^and th^s.e,,(^<.., 
receptor-rcontaining Jbeads . wpuld thep , l?e.;ysec^ tP- adsorb>to,j 
colonies expressing the adhesin.prptei^*-.. Cplonies.not. 
expressing the adhesin would be removed by washing, and 
this process would be- repeated, t an apprppriat^- - ; . 

enrichment. .Putat^y^. adhesin expressing, ppl vould ^ 

then be platied; arid confirmed by, metaj^ each 
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colony vi^ir* 35S^ife^iohii^ "tod te^ t-h€i -abiiilty of the 
colony^tb- bind 't¥s& reS6pt<5r -^^^ pf?^^$6\isly ^^dcribed.^ 
The DNA from sever^' 'adh^f*inig to 
identify 'Shared sequences/ and these shared sequences would 
be further subcloned and characterized. 

- Alternatively; the'^*tec^>tofs :.j^n-: nu 

nonspecif ically iTnaobilized -td^^a^suitaBie^eupport , ' such as . 
silica or Sealite^reisini'*=^ Ttlie mat^ial^^i/dtild-^then be used 
to adsorb to colbnies expreesiirtg the adhesifi protein' as 
described in the prerceding pariagrapH - -^^^ 

In another alternate preferred embodiment, the gene 
for a specific adheisih would be l6difIiiJ«a &n& identifdeHd by 
constructing ndn-adhereht rttlt^nts of a^'speciif ic -pathogen 
This would be accomplished by oreatitig mutants tising a > 
transposable element su6h ^s TnPteoA as described in Manoil *^ 
et al- : Proci N^tl Acad, Sci; USA >^^82c^8I129-81;133 v a985) , 
incorporated herein -by reference . ( Alkal l^nd "phosphatase 
positive mutants would^-indicats^ mut at. ions i within exported 
proteins. Since the adhesini-for each^pdthogeft -is located^ 
on the outer meihbiran^ surf ace and therefore export^dv^^his 
set of mutants would ■ contain a mwch-^reduced' subset^ of 
mutants . TThey Vould then be' screened fdr^ a "losS^ i-n binding 
activity-.-'- > -m.: ...s.-: -^/jA.iwi .i-,-^, 

It will be recognized by persons skilled in the art 
that a DNA sequence for an Hi adhesin protein can-be ^ 
modified by known te<Shniques nin view of the* teachings r a o 
disclosed herein: ^ For example > different f^codoi1§ can be> ^ :i 
substituted that code for • the^ same amino: »aeid* las the ' 
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original codoh^cT?*i^ternativel-y, the _s^etitute may 
code for.-a differesnti'-aminor^td that -will not ^affect the- ^ 
iimunogenieity ^^t-the ^rotftin^r'^filGh may Itaprove-its 
immunogenicity For ~^^igple oiigbnucleotide direetedy "^'^ 
site specilie^tfUtaigenesl^ 6if other-techniqUes^ to create 
single ' ot mllt^i;^^miit^'^icm&^ ^mich^ as^^replacfementiS ; ^ 
insertions^ deletions, and ^rartspositiohSy as descr 
Botstein and Shoirtlev "Str;ategi>es-'aLndJ^ Applications of In 
Vitro Mutagenesis^ "V Science ';- 229-; 1^93-1210 (1985) > which-^is 
incorporated herein tby referenced can^^be employed; Since 
such modified -:ONA- can be^ obtained^ by the application *of 
known techniques^; to the^ teachings contained herein; sUch ■ ^' 
DNA is within the scope of the, claimed invention^ 

Moreover / ^it- viiU' be rieicoghtzed by those skilleid in 
the art that the DNA sequence (or* fragments thereof )- of 'the 
invention can be:^sed to obtain other DMA sequences that 
hybridise with it '^under conditions of moderate to high 
stringency (including the derived sequences -^discussiskl-in 
the preceding paragraph) /" using general^ techniques -known in 
the art. That is; the hybridizing sequences are at least 
90% homologous and pre'^ferably at least 95% homologous to' ' 
hin47 . Accordingly ^ the DNA of the inventidn' includes such 

■ The DNA of the invention may ' be used in accordance - 
with known techniques, appropriately modified in view of 
the teachings ' contained herein ,^ to construct an expression ^ 
vector, which is then used to transform a microorganism for 
the expression and production of the adhesins of the 
invention. Such techniques include those disclosed in U.S. 
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Patent Kos^. -^4;^440,859 issued April 3, 1984 to Rutter et- 
al., 4,530,901 issu'ed July 23, 1985 to Weissman, 4 , 582 , 800 . 
issued April IS, i.lAa6i^:ouCrowl, c4vi677p063 H 
1987 to -MarJc et aJr-^r ^^^7^8^751 issued July 7, 1987 to- 
Goeddel, 4,704,362 issued November 3, 1987 to Itakura et 
al., 4,710,463 issued December 1, 1987 to Murray, 4,757,006 
issued July 12, 1988 to Toole, Jr., et al., 4,766,075 
issued August 23, 1988 to Goeddel, et al., and 4/810,648 
issued March 7, 1989 to Stalker, all of which, are 
incorporated herein by reference. ,^ 

The DNA of the invention may be joined to a vide 
variety of other DNA sequences for introduction into an 
appropriate host cell. The companion DNA would depend upon 
the nature of the ^Jiost cell, the manner -ofi: the in troduefcion: 
of the DNA into the -host cell/ and iwhether episomal rr; -aqar 
maintenance or integration is desired w .^ -^v ij. r. r;i^:; 

Generally , -the ^DNAc is ^inserted into an vexpression 
vector, such as a .plasmid^ >ini^propercorieatation acnd^.: .r 
correct reading frame /for expression«v. I£ :xiecessary^ ethaci 
DNA may be linked, to ::the 'appropriate .transcriptional and 
translational regulatory control nucleotide sequences 
recognized by the desired, host >oalthough;c:sueh controlsirare- 
generally available^ in the expression vector . -The vector - 
is ^en iTitroduced into the host . through standard 
techniques. * •. ■ « v.. ' .••l. .... u^..- wi. U3^;;v 

GeneraliyjTc^not all of >the- hosts : will be transformed 
by the vector. Therefore, it will be necessary to select 
for transformed host cells. Once selection technique 



\ 
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involves incorporating into the .escpression vector a DNA 

sequence, wit^ ^ or 
for a seleota^le^^it ^such W^.^^ 

antibiotic resistance.. Alternatively, -the gene for such 
selectable trait can be on another vector, which is used to 
co-transform the desired host cell. The preferred 
expression vector for use in the invention, is the pl^smid 
pMClOl. The preferred host cell is E. coli. ; 

The trans'forited host cells express the proteins or 
polypeptides of tSiS -invention. Such cells ar^ -cultured by. 
known techniques,- and the proteins or polypeptides are 
recovered by known techniques. Depending upon, the host and 
expression system used, the recombinant proteins and 
polypeptides of the invention may be part of a fusion 
protein produced by the transformed host cells. Such^ 
proteins are recovered by known techniques, and the 
undesired part may be removed by known techniques. 
Alternatively, the fusion protein itself may be more 
immunogenic than the recombinant protein or polypepti^ 
alone and, therefore, may itself be used in a vapcine. 

If desirable, the adhesins can be further purified 
by the application of standard protein purification 
techniques, modified and applied in accordance with the . 

discoveries and teachings described herein. Such 

techniques include electrophoresis, centrifugation, gel 
filtration, precipitation, dialysis, chromatography 
(including ion exchange chromatography, affinity, 
chromatography, -immunoadsorbent affinity chromatography, 
reverse-phase high . performance liquid chromatography, and 
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gel permeation h±^h performance liquid chromatography) , • 
isoelectric, focusing iand variat^^ns an 
thereof . 

One or more of these techniques are employed 
sequentially in a procedure designed to separate molecules 
according to their physical or chemical characteristics. 
These characteristics include the hydrophobicity , charge, 
binding capability, and molecular weight of the protein. 
The various fractiolis of materials obtained after each 
technique are tested, for their ability to react with the 
adhesin receptors^ Those fractions showing such activity 
are then subjected to the next technique in the sequential 
procedure, and the new fractions are tested again. The 
process is repeated until only one fraction reactive with 
the receptors remains and that fraction produces only a 
single band when subjected to polyac?rylamide gel 
electrophoresis . 

The preferred techniques include those identified 
and described in U;S; Patent No. 4,446,122 issued May- 1, 
1984 to Chu, et al^, which is incorporated herein by refer- 
ence. Preferably, the adhesins are purified by receptor 
affinity chromatography or antibody affinity 
chromatography . 

Modified Adhesins 

The adhesins. of the invention may be modified by 
known protein modification techniques. Such modifications 
include breaking the protein into fragments that contain at 
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least one active si'te or the addition; substitution, or • 
deletion of one or more amino acids to the protein or a 
fragment thereof. Preferably, such derived proteins or 
polypeptides are immunologically cross-reactive with the Hi 
adhesin proteins, thus being capable of eliciting an 
antigenic response to H, influenzae in an animal host. 
Most preferably, such derived proteins or polypeptides also 
bind to an H. influenzae receptor selected from the group 
consisting of fucosylasialo-GMl, asialo-GMl, and asialo- 
GM2. (As used in this specification, the term - . r- 
"polypeptide". also includes shorter chains, of amino acids 
that are often refenred to as peptides.) Such 
modifications may _ enhance the immunogenicity of the protein 
joijoiyoob^ or have no effect on- such activity. The modification iti yi 

techniques include those disclosed in U.S. Piatent ,No . - 
4,526,716, issued July 2, 1985 to Stevens, incorporated, 
herein by reference. 

The proteins of the invention may contain one ^or;i 
more amino acid sequences^ -that are not necessary to their 
immunogenicity.: -It may be the case, for exainple,. that:only 
the amino acid sequences of a particular epitope of the 
antigen will be necessary for immunogenic activity. 
Unwanted sequences can be removed by techniques well-known 
in the art. For example, unwanted amino acid sequences can - 
be removed via „ limited proteolytic digestion using-enzymes 
such as trypsin, , papain, or related proteolytic enzymes. 

This latter approach is expected to be particularly 
useful for the adhesin protein of the invention. Since the 
protein binds to several related receptors having a 
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consensus sequence, the protein should have a well 
conserved region that acts as the receptor binding site. 
This site is the particularly" preferred polypeptide o the 
invention. ~ 

Alternatively,' polypeptide^ -<iorrespbnding to 
various immunogenic epitopes and/or the receptor binding 
site of the protein may be chemically synthesized by 
methods weill -known in the art, given the teachings 
contained herein. These include the methods disclosed in 
U.S. Patent No. .4:^290, 944 / issued September 22, . 1981 ^t 
Goldberg, incorporated herein^ by reference. . . 

Modified proteins or polypeptides caa be prepared 
that are substantially homologous to the Hi adhesin protein 
or to the polypeptides discussed above through the use of 
known techniques and routine experimentation, in view of the 
teachings contained herein. ' As used herein, the term 
"substantially homologous" mearts immunologically cross-^ ^ 
reactive. Such a protisirt or tSolypeptide may l?e identified 
by the fact that it will bind to' antibodies, tha^t were made 
to the adhesin protein of the invention > which antibodies 
can be prepared by standard techniques*-: Some pf. such 
modified proteins or polypeptides may have enhanced 
immunogenic ity compared to the one from which they are 
derived. . ' 

Thus, the invention includes ra class of derived 
proteins and polypeptides, including synthetically derived 
peptides or fragments of-theadhesim protein, haying common 
elements of origin, structure, and mechanism of action, 
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such as iminunogenic. effectaorjbeing able ::to,.bind to the 
previously men^ioneddreceptorsy -rtbat . are -within: the^scope 
of the; presentcinventdon because they canr berprepared by 
persons skilled in. the art without^ undue t^xperimentat ion , 
once given the- teachings of the presents invention. :i . 
Moreover , since persons skilledcin^::: the eaxrt i can make 
modifications to -or derivatives of iepitopes^jor: the: jreceptor 
binding site on^the proteins or polypeptides;, of cfehe - 
invention^ nonce- sucb epitopes or site are identified, such 
modifications. br derivatives are within the scope of the 
invention. Such derived proteins and polypeptides are 
preferably pure as that term was previously defined .herein. 

The Hi adhesin protein of the invention, (as well as 
the related proteins and polypeptides derived therefrom) 
has utility nots only* in the conjugate vaccine but; asv an 
immunogen in its own right . Thus^ it can be . used in a 
vaccine for animals , including , mammals ^i JTOdents^ : primates , 
and humans. . The preferred: use is .a vaccine for ^htuaans, 
preferably children* and ^ most preferably young infants* 

Such a vaccine can be prepared by techniques known 
to those skilled in the art and: would .comprise, ..for :r 
example, the antigen, a .pharmaceutically ^acceptable car/c • 
rier, an appropriate adjuvant, and other materials 
traditionally found in vaccines. ::An immunologically .effec- 
tive amount of the: antigen to be used in the vaccine is 
determined by means known in the art in view of the teach- 
ings herein. = .m, ■ 
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Synthetic PRP r imerfiVj : -..-j-^ --.x. ^-i-- 

vpv • r The*- »inveiit±w further comprises ^^Mwel synthetic PRP 

represented by ':«ie fdrrauiur:^- ''':^ ! ' . 3 . v.-c:.-xoar.c ; 

V \ ^d. Lt: crer^^eric^t or jcrwo ac- ^■f 




where^ n is ^n ^integer f ronu v2 vtO'?^30v preferably S^r^O; x and R-'- 

is (CH2 ) pCHO or i^CH2CH20*>^^CH2CH2l«2 '^^^^^ *P ' integer 
from 1 to 3/ preiferabiy The^ ability to prepare this... xt: 
novel syntheticl'RP permits the. preparation c<)f )cpmpositions 
where all of the PRP oligosaccharides are of the same 
length (i.e. ; have^ the same n\mber of monomer ic units) , in 
contrast to PRP obtained from natural sources, where the 
fragments vary tremendously in length: it . ^ * ■ m- j; 

The PRP of the invention is prepared by a combina- 
tion of solid phase "synthesis and the highly ef f icient H- 
phosphonate method for the construction; of the 
phosphodiester linkage. It also: involves I'the use' of ^ gels 
with higher levels of functionalization^^hich are better 
suited for commercial scale operations. ; 
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The general approach is to prepare a protected 
oligomer ic ribosS^ribitol phdspH by the 

following ^teps'^ First, the monomer for chain initiation 
is cbup^i^eW' tb^k^^ represented by 

the^ formtiia: ' ■ ' wco.;iaes are . su^':^^--:- a, 



V 

HO OBn 



•I. nr.- 



—OBn 
—OBn ^ 
— ODft 
—OMMTr 



Where Bn is benzyl and MKPr^is monometh^o See 
Compound 7, Table 1. The preferred solid phase is a 
Merrifield-type' amino resin:'" The chain initiation monomer 
(Compound 7) iis coupled to^ the' so^ known 
techniques, such as reaction "witii Wuccrni^^ anhydride,*''^ 
followed by coupling of the ofetai^^ 
7 to amino groups of the sofiid' phaW,^ tK^^ loading 
determined by colorimiatric qu'antifica 

catioii released on acid treatment r The coupled compound is 
then detrityiated, such as by ti-eatment with '''' ' ' 
trifluoroacktic acid in dichloromethane. 
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Chain elongation is adcoinplished by coup 
detrityiated chain* initiation" inoifbtfet^ 
represented by the formula^-— — - , > - . 

O ■ 1 




o" 

Where Bn is benzyl and MMTr is monomethoxirbrityl. See 
Compound 8, Table 1. (The compound will be associated with 
a counter ion. Preferably, the ion is an organic cation, 
such as triethyl ammonium.) The coupling is accomplished 
by using a condensing readfent j such as 'piValoyl chloride.* 
The resulting comjiound is^then detrityiated. The chain 
elongation-detritylation steps are repeated at sufficient 
number of times to prepare an oligosaccharide dt the 
desired liength . Thus , If n represents the " desired number 
of PRP monomers in the oligosaccharide, the chain 
elongation-detritylation cycles are repeated n-2 times 
after the coupling of the chain initiation monomer and the 
first chain elongation monomer. 

The chain is terminated by coupting it with a chain 
termination monomer represented by the following formula : 
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1 1 OBn 



Where Bn is benzyl and (^2^P^3 ^-'^,,,^1 g^oup 1-4 

(CH2CH20)pCH2CH2R^. ^^^4^3 a group th^t can be conyerted... 
carbons in'iength^and^R^ ^^^^^^^^^ and 12> Table 2. 

into an amino group. a counter ion. 

,The compound will be ^-^^-^^^^^ 3uch as triethyl 

preferably, the ion is an ^^^anx^^^ ^^^^^^ ^^^^y,. 

ammonium.) ^^^^^^'^ ,;acetyl, benzyloxycarbonyl , 
preferably , R^ is N3 . . tr if 

or fluorenylmethoxycarbonyl. • • . 

" - ^.w- solid-bound oligomer 

The phosphorate groups "^^^^^ preferably, 

then -"/r^rwitno^ne in a^eous 

this is accomplished by treatment with 

pyridine. • ' 

- 4.hen removed from this 
.esultin^ompo^n-^ - „ethanolysis. 

solid support, P-^«^^/ represented by the formula: 
The recovered compound IS r p ... 
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'v: .J.'* ii. •-t'.L'trlC Ilu.r.'.r'.llJ 



o o— ^ 1/ 



n 



0 O — R* 



O OOn Uo^p 




15, Table' 3.' Viie' S^ ' ^'^ «'^*"=<«Paffiai='« and 

counter ion ^l:^»S.w«l,..,^..«.,,^ 

substituted a».onil:f - '" ^ is,a».^i^-„r . , 



The resulting compound is th.„ 
hydrogenation with paUadL onlarcoal 
Where h2 is (CH,l„CH(oi!3l !■> the case 

further subjeciedC ielecti^' =«d' is'" 

treat^nt 4h i^eLsSf '>^*'*ly^i^? sutfa-ii ' iy ' 

-pound ,. The readil, ^iil^:: 

isopropnidene-beta-0-ribo.uranosi.e Zp^'; , .... 

-et^cJr^f-s^:^.""- 
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Compound 1 with valiyl bromide/sodiiuti hydroxide in. N,N- 
dimethylf ormamide gives ^ the - expected .5-O-aliyl Compound -2 

as an oil that jcanrbe distilied.: ^Thisrcompoiand is - r 

subjected to a isequencei.of reactions -^omprittitig-Jiydrolysis 
with aqueous.' formic acid, • sodium borohydride.ca:eduction,r: 
tritylation 'With triphenylmethyJchloride/pyridine/rr-.-i . i v 
benzylation with benzyl chloride/ sodiiimchydroxide in , 
dimethylforinamider; and ihydroiysisewith. aqueous acetic acid. 
The resulting Compound 3 is purified by silica gel 
chromatography. - ^ c : ; . : :/i 

Benzylation .;Of .Compound 1 withJ>enzyl chloride/ n. r 
sodixim hydroxide in N,N-dimethylformamida gives the 
expected 5-0-benzyl compound 4 j as an oil iJiat can be . _ 
distilled. This. compotind vis stibjected t;0 a sequence . of 
reactions comprising hydrolysis with aqueous formic acid 
and benzoylation with benzoyl chloride in pyridine, giving 
Compound 5, which is purified by chromatography and 
crystallization. Compound 5 is subjected to a further 
sequence of reactions, comprising treatment with hydrogen 
bromide in dichloromethape to prepare.^ the glycosy4 :br 
followed by treatment with methanol and collidine. The 
resulting orthoester is then debenzoylated with sodium 
methoxide: in methanol. The resulting product -is ally lated 
with allyl bromide/sodium hydroxide in.- N,N- ; . 
dimethyl formamide to give, after purification by silica gel 
chromatography, Compound 6. 

Glycosylation can be accomplished by several 
methods. In the preferred method (A), Compound 6 is 



wo 94/00149 



PCT/USM/06016 



- 50 - 



treated with triroethylsilyl chloride to. ;give the. cor^^ 
responding glyposyi chloride, cwhicl^, when treated. with.: : 
Compound 3 in the^presenqeuPt:iapl©eula!rr :^ a 
ribitol glycoside. / Aitems^tively (B). , Compound r 6 .i^ov^-t - 
transesterif ied, in. titie,,presenpe. .of .,Cpm^ kou ; - 

resulting ribitol orthoester is^ thepj pearrangi^d in-sifeu^ tp- 
give the ribitol glycoside ^ lA,: ic : i-lxv^-m ^' v- 

The ri^jitol^glycoside .;ie;jbhen..subj :c- : i;.: ■ :i^.e 

debenzoylation ->iith sodi\m aethoxide.an methanql andjr. 
benzylation with: benzyl ehloride/sodi\im.;.hyi3rpxide. i^r Ny^ 
dimethylformamide. The resulting 5-0-allyl-2,3,4-tri-0- 
benzyl-l-O- (3-0-allyl-2 , S-di-O-benzyl-beta-D- 
ribofuranosyl) -D-ribitol..isr4eally3.ated by i treal^tient with, 
successively, tris- (triphenylphosphine) rhodium{I) chloride 
and aqueous acetic acid and monomethoxytrityldted-With 
monomethoxytrityl chloride. The resulting - chainoinitiation 
monomer (Compound 7) is : purified by chromatography • -rr^ . > 

The condensation reaction of . Compound ; 7 with - > 
phosphorous acid/5., 5-dimethylT2-oxo-2rchlororl, 3^.2-: li 
dioxaphosphorinane . gives the chain elongationv.monomer -o 

(Compound 8). U; . . „.;.^ V.-if- 

... .... ... : . . •':',':-(: '.c • J. 

Table 2 shows the synthesis of the, monomers for 
chain termination. Compound 6 is reacted with ^, - 

trimethylsilyl chloride to give the corresponding chloride^ 
which is reacted with the appropriate alcoholg . inf the t pres- 
ence of molecular sieves to =giye beta-glyppside$, of ^the v :? _ 
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aleoHolis; Pref^lNiblyv 1^ alcohols apex 2*^(2*^ . 
a2idoethOicy)fethjanol, :2^2- ; ; ^: >i;^c r-, c • v i-r-i c 

benzyloxycarbonylamldo)ethoacyi3ethanol, or 2^2^ ; 
diethoxyethanolw :The bfeta^glycosidesr.areisxibtected to the 
reaction ^sequence deben2oylation^;^ben2yiaticnv • andnc, rrn-v,* 
deallylationv -as^ in the preparationi: of Compound 7 ; awhicb 
gives Compounds' 9 or 11... - Condensation: with ir e 
acid/5-5^dimGthylT2-oxo-2^chloro-ly2y3'-dioxa-phosphorinane 
according to the^ same procedure- used to • prepare^iGompound^^ e 
gives the desired spacer^containing monomers:^ (Compounds 10 
or 12).- ::^^j^\r,r, ^--cc: . j:---. r:-,. 

Table 3 shows the^ specif ic:iPRP oligomers obtained: 
after solid phase synthesis employing Compounds 7, 87 and 
10 or 12. Compounds 13' and 16- are -the protected oligomers 
after removal from' 1 the sol id - support , : andocomponndsai4 ^and 
16 are the final oligomers after deprotectionw : " nv v-ti 

. : ■.. j '..w.-ec vo... ■*;^"»:;'\ ^ 

The preferred use^ of the novel PRP^- is in rthe 
preparation of the novel immunogenic conjugates. The 
oligomer is coupled to one of the proteins or polypeptides 
of the invention by standard techniques applied- to the 
teachings contained herein. When the spacer terminates in 
an aldehyde group, the preferred technicjue is reductive 
amination using sodium borohydride as described in Roy^ et 
al.> J. Carbohvdr. Chem; 6:161-165 (1987) and Lee, et ala,. 
Carbohvdr. Res. , 77:143-456 (1979) , both of which are^ ' ^ 
incorporated by reference . ~ When the spacer terminates r with 
an amino group, the PRP is-converted into: the isothiocynate 
by treatment with an activated- thiocarbonic acid* -^^ j - i v 11 
derivative, such as thiophosgene,' and then coupled to the /^^ 



wo 94/00149 



PCT/US93/06016 



- 52 - 

protein at a pH of - 9-10 - in accordance -with the procedures 
described in KalXin^ ^ct al . , r^lvooconipoate J > / 3 : 311-319 
(19&£) ^i^H .1^ -Methods -EnzvTnol> / 50:171-175 : 

(1978) r both of^which are incorporated v-herein by reference. 
The ratio of protein/carbohydrate is determined by a 
combination of Lowry protein determination and ribose 
determination. The ratio is primarily a function of the 
ratio of carbohydrate to -protein in the initial reaction 
mixture and the type of spacer used. As shown in Example 
3, the use of a -spacer terminating in an -amino group 
_( Compound 16)» results in a greater number of r»Lj 
oligosaccharides being coupled to the :protein than the use 
of a spacer terminating in an aldehyde group (Compound 14) 
Table 4 shows the- formulas of the final conjugates. 

Vaccines . ^-j.-^- - j'-- ;- ^- ' -^;- .v-: 

The adhesin-oligosaccharide conjugates, as well as 
their protein components as previously mentioned/ may be 
used in vaccines against both invasive and non- invasive 
strains of H. influenzae . The conjugate vaccines should - 
have greatest utility against H. influenzae :tvpe b. 

^ The vaccines comprise an immunologically effective 
amount of the immunogen in a pharmaceutical ly acceptable 
carrier. The combined immunogen and carrier may be an 
aqueous solution, emulsion, or suspension. An im- v .^ 
munologically effective amount is determinable by rmeans 
known in the art without undue experimentation ^ given the 
teachings contained- herein. In general, the quantity of 
immunogen will be between 0.1 and 100 micrograms per dose. 
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PKot.l^;..«r«h ,s ft^a^'S^"^' ana 
«cl„ae saline, Han*. Balancers"" ' '""^'^ fluents 
SuxtaMe b„„e« include an i^, ''"^^'^ -lutlon. 

°''*°"««- Tj.e vaccift>„^'f:^^^^^^ 

MJuvants to . """tain one or mo-ro 

as Marcol 52> br a -V, ^ r ^= • • ^^^^^ o€. a ftiiieraT «<S - • 
e-l««yin,.;,^4T???',^^?o»fl,.OS.one.or4^^^^ 

The. vaccine' m v:-'^^-.:' -ik. /-^-t.: ,::.^-vr.^^v- 

f * ■^■«=«au vacol^' iaf thf 

in the >^^ i^^^^^^''^n.-^r.ko^ 

teaching. eontaineS hetein^'*tv^ \''' 9i«n the 

-«ed .With the carrW to for, f ""^^^ -i™uno,ens are 
™«3lo„. one or »6re of 'Se . i^!'""'"^ '"*'^^^ or 
" the carrier or „ay he aaa f " ^^-e „ay 
Preparatlohs ^ay 4[^.^«!W>.«*-«9»~«y-.- The vac- 

P^^^^^'--*-— freeze 
subsequently reconstitut'oH .^^- r they ^niay be 

«tio„ o, an thVar • 
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" ThB vaccinesv:arer adttinistered tonhximananor othar 
mammals/ including: rodents and primates. Preferably,- they 
are administered; to human children^ r most preferably- r-^ - 
children Yotmgerr than: 18 months : of ^ ages f^They rcan be t 
administered in one or more^dases:4iS Thev Vaccines may-be^, 
administered by known' rqxites of .administration for this 
type of vaccine. The preferred routes are intramuscular or 
subcutaneous injection. Accordingly , the invention also 
comprises a method for inducing -an^ immuneerespdnse to Hi in 
a mammal in orxter to protect theu^mammalr against dxifeati^^^ 
by invasive or non-invasive Hi. The method comprises 
administering iaiwaTPiunologically effective amount of the 
immunogens of tlie invention ^o the liost and, preferably!^, 
administering the vaccines of the dnventipn toxthe hos^t,^,. 

Reagents r - .-^\.:r r'.)^^ -.-.nr— v/ac. \r ■ 

The conjugatesvp protein/polypeptidesv and: oligomers 
of the invention are also useful asrxeagents- for: scientific 
research on the properties of pathogenicity, ^^yirulence, and 
infectivity of Hi/ as well as host defense (mechanisms . For 
example, the DNA of the invention can be: used in an 
oligonucleotide probe to identify the DNA of other, . 
microorganisms that might encode an adhesin for. * such 
organism: - The -protein of the ^invention -Ecould,' be used to 
make a monoclonal antibody that could be used to further 
purify compositions ' containing ^e :protein .by -^affinity., 
chromatography ^ The protein osould also - to; used . in standard 
immunoassays to. screen for thaipresence iof antibodies, :,to IL. 
influenza ^ in a sample . - :>A composition in^ accordance: with 
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the present l.invention ^'Usef^air^s- an: investiigational reagent 
contains an amountcof -opnjiagiaterj proteln/poLypepdtide^ oil 
oligomer effective' to.: provide the infonnation or analysis 
sought * I . The i determination of the amount, necessary to 
accomplish a particular" researxArgoaio depends upon the • 
specific type of I investigation- involved and is' readily 
within the routine skill- af? one engaged in such research^ 
once given the teachings contained herein. 

It is tb be understood^ that the application of the 
teachings of th^ present - invention to a specif ic proble& or 
environment will ie wifehimithe capedDilities? of one having 
ordinary skill in . thevart :dn Idght - of, then teachings - • - ^ 
contained herein. • Examples of tiie products, of the present 
invention and 'processes for their preparation emd vise^ 
appear in the following examples;: / - r 

EXAMPLE 1 • 

Preparation of Synthetic PRP Oligosaccharide 

The preparation of f^e synthetic PRP 
oligosaccharides of the invention is. illustrated as r 
described herein and as shown in the reaction schemes 
outlined in Tables 1-3. * 

Methyl 5-0-allyl-2 , 3-0-isopropylidene-beta-D- 
ribofuranoside (Compound 2) 
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ribof uranos idera(jecOTpomid t - 5 (X tO^^^ 

(250-ml')i^i:an(fcpcs)wdered:sodixnft^h was^rcury 
stirred:>while*^allyl broaidei*<50.^ial=)wwasi added drapwise. 
After 2h; the excess a llyl i^rsottide was:- destroyed by addi- 
tion Of tnethanbli (^X) ml) '*<^^ another 
hour, the toixttire vas partitioned betweenivater awi^ 
toluene; The wganit? phase was Vaished wi^h- water / dried 
with'^^inagnesiuia sulfate, and concentrated. Baritun carbonate 
(250 mg) was added and the oil was distilled at 90-95*0, 
0.75 mm Hg. The yield of Compound 2 was approximately 90%. 

5-0-allyl-2,3,4-tri-0-benzyl-D~ribitol (Compound 3) 

Methyl^ 5-0-allyl^2,3MDf^iso|yropylddene^b 
ribofuranoside (Compound -2,^1. S g^vdii aqueous formic acid 
(25 ml ) was heated von ian-joii batfa > at -lOQ* C* f or ^ 10 hrs and 
was then concentrated and coevaporated twice - with water . 
The obtained syrupy material , consisting mainlyrorf :;S--^0- 
allyl-D-ribose and residual formic acidy^^as dltefeolvfed in 
water (25 ml) , and ^the pH wasr adjusted to 7 -with' aqueous 
ammonia, sodiute borohydride '^(0. '5^ g)^ was added, and the 
mixture was stirr^ for 3h ; : then^ adj usted to pH ' 7 with 
acetic acid , ' and concentrated . - After three co- ' • 
concentrations with acetic acid-methanol (1: 1) ^ and t^wo^ co- 
concentrations with methanol, the residue was dissolved in 
water (50 ml) , and the solution was slowly passed through a 
column of Dowex-50Wx2 (H+ form, 50-100 mesh, 2x20 cm) ion 
exchange ■ resin . The eluate , consisting mainly of 'S-O* 
allyl-D-ribitol, was - concentrated, taken up in pyridine. 
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concentrated, and taken up again in pyridine (25 ml) . 
TriphenylmethyirchlorideoC^rO eg) xwas radded, xandrthe mixture 
was- stirred at , room ten5)erat\ir«rf oEirASh^i uthen Lmethanolr- 
(2.0 :ml). was. added After ciaimin^!:t^ was 
partitioned^ between cdichloromotihanexand water r The x organic 
layer was washed with water^-esulfurie iacidf randr^arqueoust 
sodium hydrogen J carbonarte^' dried i( magnesium rvsulf ate > > and 
concentrated. c::!Bhe residue was dissolved ci>ndll>T»Tdimethylr - 
formamide (25 ml) kir The solutioni wasxStiEreduWhile;)powdered 
sodium hydroxide (1.5 \g) was addedrafoilowed by benzyl . £ 
chloride (4.40 ml/--dropwise) : After r2 -hoursy methanol r r - 
(5 ml ) was added , - and after aS'TttiTt ^ the -picture 'was rc - au.v 
partitioned between toluene and warter . ^ ^The i organictiiayer 
was washed withvwater and concentrated.;)' The xersidue was:( ; 
dissolved in ' 90%cagQeous; acetic .acidr (50 ml); ; and heatedi .to 
100 'C for 2hv then . concentrated f^andnco-concentrated^ with 
toluene^ The residue was .purified fby chromatography on- 
silica gel. The compound awas elutedr withv;rtoluene-?ethyl 
acetate 9:1. The yield of ..syritpy Compound L3^was;48%ci'Dn 

^^Methyl 5-0^benzyl-2; 3rs([>-isopropylidene-betar: * t--^^^- 
D-ribofuranoside (Compound 4) »'v : . s- 

A solution of methyl-2,3:-OrisoprDpylidene-:beta'rD:. 
ribofuranoside (Compound 1, 50 g) N>Nr!5dimethyl formamide 
(250 ml) V and powdered sodium hydroxide (50> g) was stirred 
while benzyl chloride (64 ml) was added dropwise. After 
2h, the excess of benzyl chloride was destroyed by addition 
of methanol (50 ml) . After. being: stirred: for another- hour, 
the mixture -was partitioned between water and > toluene;.-. The 
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organic phase was -washed with water, dried.. with magnesixim 
sulfate and cpncentrated. :... Barium carbonate ^C2S0 Jug) was 
added and the oil was distilled at jll5-12Q '.C* 0*4 mm Hg. 
The yield of Compound .4 was ^approximatel-y .90.% . . 



Methyl 5-^0-benzyl-2 , 3 -di-rO-benzoyl-beta- j . i . . 
. p-ribofuraposi4e (Confound 5) 

A solution of methyl 5-0-ben?yl-2 , 3-Q- ' 
isopropylidene-beta-D-ribof uranoside (Compound 4 , 23 g) in 
95: 5 formic acid-water (200 ml).. was. kept at. room 
temperature for 30 min, then cooled in ice. The cooled 
solution was poured into a vigorously stirred mixture of 
crushed ice, aqueous sodium hydroxide . (240^, g ^in. 2000 ml).,, 
and dichlorometfiahe (1000 ml). The mixture was shaken well 
in a separatoxry funnel, the organic layer, was separated, 
and the aqueous layer was extracted four times ^with 500 nd 
portions of dichloromethane . The combined organic. . 
extracts, containing mainly methyl STp-benzyirbeta-D- . 
ribofuranoside were concentrated. Dry pyridine. (50 ml) was 
added, the mixture was concentrated, then dry pyridine 
(150 ml) was added again. The mixture was cooled in ice. c 
while benzoyl . chloride (34 ml) was added -dropwise. The 
mixture was further stirred, at room temperature, overnight, 
then water ,(2 ml) was added to destroy excess benzoyl 
chloride. The mixture was then partitioned between water 
(1000 ml) and dichloromethane (500 ml) . The organic layer 
was washed with 2 M aqueous sulfuric acid, then with. 1 M 
aqueous sodixim hydrogen carbonate. Concentration .yielded a 
syrup, which was purified on a column of. silica gel. The 
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fractions contaiiting^ pure ,ma-^^r ial were pooled and 
concentrated. -. The. material could^be c from 

methanor in the-.cold^ inp .68-6?.'C. The yield of Compound 5 

was 22-41%. The /Chromatqgraj^iy^^^a^ some starting 

material (Compound 4) in pure form (5-20%). ' ^ " 

.w3-.o-allylr^5-prbenzy.l-l r2-0-methox^ 
alpha-D-ribofuranose (6) 

A: solution of hydrogen bromide in dichloromethane 
was prepznred^^ onixing dichlorometha^^ ( ^ iRl ) , methanor 
(3.0 ml) ;v and acetyl 'bromide (6.0 ml) . Then methyl 2,3-di- 
O-benzoyl-S^O-benzyl-betarDrribof uranoside (Compound 5 , 
4.62 g) was added, rrand the,jii)ftur^ was ^tirred at room 
temperature for 30 min.^^ ^fter which the mixture, cbii€ain- "^' 
ing mainly 2, 3-di-0-ben?oyl-5TO-benzyl-alpha-D- ■ r.n - 

ribofuranosyl bromide, was cooled in ice while collidine 
(25 ml) was added dropwise, with stirring, foliowed by 
methanol (10 ml) . The, fixture was further stirred for 3h 
at room temperature, then. washed with water,- concentrated, 
and co-concentrated with methanol. The residue, containing 
mainly 3-0-benzoyl-5rO-benzyJ.-l/2-0-methoxyben2ylidene-^' 
alpha-D-ribofuranose, was dissolved in methanol (50 ml) , " ^ 
and a solxttion of sodium methoxide in methanol (0.5 M, 
20 ml) was added After 2h at roo^ temperature, the ' 
mixture was neutralized by. addition of CO2 (s) , then 
concentrated aaid cb-concentrated once with N,N- 
dimethylformamide^v ,.The re^^^ was dissolved in N,N- 
dimethylformamide i(50.?ilj^ and stirred at room temperature^ 
while powdered sodium hydroxide (S.p g) was added, followed 
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by allyl bromide- (3* 0-Bil) . ^After^ lh^ .the aixture-was;;. 
partitioned between, water and tolwene, the orgsinic layer 
was washed with .watery . and cgnqeptrated * .sThepresidue was _ 
purified by-chrpmatogr&phyLOmsilioa-gel-^ using toluene- 
ethyl acetate-pyridine (90:10:1) as the eluant. The ap- 
propriate^ fractions were pooled and--concentrated to Tgive . 
Compound 6- (1.90 gy .48%). as a colorless .syrup. 

2,3, 4-tri-O-benzyl-lrOr (2> 5Tdi-0r-ben2yl-betarDT . j 

rihof uranosy 1 ) -§rP-monometboxytrity 1-Dr rihitol . ( Qompound 7 ) . 

Glvcosidation Method A 

Compound 6 : f 4 . 0 g) was -dissolved j in trimethylsilyl 
chloride (20 ml): lAfter^? 2 0r,min*r-at :rp©mc; temperature ^ the 
solution was concentrated, then co-concentrated with dry 
dichloromethane. The residue was dissolved in dry 
dichloromethane_ (25 ml) containing upowdere<ir>4A molecular) 
sieves ( 5,^0 g) and Compounci 3 (4,6 g^^zriThe mixture was 
stirred at room temperature, overnight r The mi>cture. was 
filtered and concentrated. The residue was purified by 
column chromatography (toluene-ethyl acetate 15:1 as 
eluant) and then taken up in 0,04M ;methanolic sodium 
methoxide (50 ml)^ After. I hr at room temperature, the - 
mixture was neutralized by addition of C02(s), then 
concentrated and co-concentrated once with N , N- 
dimethylformamide. The -residue was dissolved in N, N- - x r 
dimethyl formamide (50 ml ) and stirredcat^ room f temperature 
while powdered sodium hydroxide. (3.0 .g):i was added,;. i followed 
by benzyl chloride (3.0 ml). After Ih, the mixture was 
partitioned between water and toluene, and the organic 



wo 94/00149 



PCT/US93/06016. 



- 61 - 

layer was iraslie The residue 

was purified by- chromatography on-a shorta column of silica 
gel using toluene-ethyl acetate (9:1) as eluant* The frac- 
tions containing 5-OTallylT2r3L*i*^tri-0-benzyl-l.-0-{ 3-0- 
allyl-2 , 5-di-0ri>en2ylri>etd^-ribof u^anosyl) -D-ribitol were 
pooled and concentrated.: ^Th^ residue was ^dissolved:: in--- 
30:12:4 ethanol-rtoluene-water .(75 .ml):> * and the solution was 
ref luxed in the-ipresence . of.,w'':v:. uc. ^.tr^-p-r ■ '■'"■.r.x,.^ 

tris ( triphenylpbosi*iine) rhodium (I ) chloride , ( 2 00 mg) until, 
thin-layer chromatography i showed complete conversion, The 
mixture -was : concentrated and taken up in aceticr acid-water 
(30ml, '9:1 by volume) and the mixture was heated to 80 'C 
for 1 hour, concentrated and the residue was partitioned 
between diethyl ether and water, dri^d, ^nd concentrated.,, 
The residue, containing mainly 2 , 3 , 4-tri-O-benzyl-l-O- (2 , 5- 
di-O-benzyl-beta-D-ribofuranosyl ) rD^ibitol-, was taloenr' up 
in dry pyridine (50 ml) , and monomethoxytrityl chloride 
(3.5 g) was added The mixture was stirred overnight, then 
methanol was added to destroy the excess chloride. After 
3 0 min, the mixture was partitioned between^ dichloromethane 
and water, then washed with aqueous sulfuric acid and, 
aqueous sodium bicarbonate, dried, and concentrated.; The 
residue was ptir if ied by chromatography on a colvimn o€::r ,_: 
silica gel using toluene-ethyl -acetate. (9: 1> containing J^lr v . 
pyridine) as eluant. The appropriate fractions were pooled 
and concentrated to give Compound 7 (4.9 g, 50%, calculated 
from 6) as a colorless syrup. - - 

Glvcosidat ion Method B . - . . . ; 

Compoxands 3 (4.6 g) and 6 (4.0 g) were dissolved in 
diT nitromethane.(60 ml). Methanol was removed by 
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continuous distillation, at.. constant » volumeiWit^L-conti^ 
addition .ot nitromethane until thinri^yer , chroitta.tography; -' 
showed complete transesterif ication of Compound 6. Mercury 
(II) bromide (500 mg) was added, and solvent was distilled 

off at const anfe^TOlx^ °^ 
nitromethane untiiL--thin-layer -aharomatograptoyc showed- *he' i-v^ 
formation of a . new rproductx ^. The.:mi5ctur^. wa&!i)urif ied byv., . i: 
chromatography andrtreated further aa deecrii)edr^lnder ^juv-j j 
method A above..^ci;r *r --uj k::^ ^.'-.a uy r^t.izBiryAiiu -v_v U.: 

2,3, 4«tri-0-benzii-i-0- (2 , 5-di-O-beniyl-beta-Dr / . ^ 
ribofuranosyl) -5^ja-monomethoKytrity>rP-ri*itcai^^.3-Hr c-\t^ lor 
phosphonate (Compound 8) -.-r * ^> ^ : r cir^on 

Compound 7 (4.9 g) was taken up in dry pyridine, 
and concentrated to dryness, tthen taken up in pyridine (20 
ml) and added to a solution of phosphonic acid (4.1 g) in 
pyridine (20ml) . ! 5, 5-dimethyl-2-axo-:2 -chloral, 3 
dioxaphosphorinane (5.0j g) was added. .-tiijnien, thin-layer 
chromatography showed complete corvv^rsion, 1 M aqueous 
triethylammoniiim bicarbonate (5 ml) .wa& added, and the 
mixture was partitioned between dichloromethanen (200. ml J 
and 0.5 M aqueous triethylammonium bicarbonate (13 0 ml). 
The organic layer was concentrated, and the residue was 
purified by chromatography on a short column of silica gel 
using a stepwise gradient of methanol- in: dichloromethane 
(0-20%, containing 1% pyridine) as -eluant. The yield of^ 
amorphous Compound 8 was 80-^90%. 

2 , 2-Diethoxyethyl 2 , s-di-O-benzyl-pbetarD-ribof uranoside.^ 
(Compound 9, p=,l, R3=:ethyl) - . x; ^ • 
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A mixture p^i Cplnppl^ld::6.-42• Or,g)r^an<4ctEi3tt^ 
chloride ^(15 -^l)v>wa§r)cept;>afcr.r^ for i20 ja±n^^: 

then concentrateid ,. and ccpr^concentrat^ witk:\dxy „s ut . 
dichloromethane* The residue was mixed with glycolaldehyde 
diethyl^ceta^tj^ 9)/ powdered 4 A molecular sieves (3.0 
g) , and dry di<:hlcnromethane.,iJ5 mil .an^ at iroom 

temperature -overnight; >theB>fiiteEed and concentrated. The 
residue was taken up in 0.04M methanolic sodiiim methoxide 
(25 ml).:, After 1 hr. at room temperature, the mixture was 
neutralized by addition of ^C02 i then LCOiic^ntrated^ 
concentrated once with ^^ll-?.diipe^tliy If The r^esidue 

was dissolved in N^N-diJaetljyIformai|iiden(2Qijml) and stirred 
at room temperature while powdered sodium hydroxide (3.0 g) 
was added, followed by benzyl chloride (3.0 ml). When TLC 
indicated complete conversion, methanol (2 ml) was added, 
and after 15 min. the mixture was. partitioned:) between; water 
and toluene, the organic layer was .washed iwith water andr*?: 
concentrated, i The residue wa3 purified b^: chromatography 
on a short column of silica ; gel :U6ing :.toluene;-ethyl racatatB 
(8:2) as eluant. The appropriate , fractions were, collfected 
and concentrated, : then taken up in, 30;12:4uethanol^toluene- 
water (50 ml), and the solution, was refiuxed in the pres- 
ence of tris(triphenylphosphine) rhodium (I) chloride (100 mg) 
until thin-layer chromatography showed complete conversion. 
The mixture was then diluted with. ;dichloromethane, washed 
with saturated aqueous potassium chloride, and 
concentrated. The residue was .dissolved dn .10: 1 .acetone- 
water (20 mlj , and mercuric , oxide (2.0 gj fpliowed by 
mercuric chloride (2 . 0; g). was added. . .. Af tec stirring at c: 
room, temperature for 30 min.. , .the. solids. ;were removedi by i At 
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filtration,- and -the filtrate was partitioned between - - 

diethyl ether and water /- washed with aqueous potassium 
iodide, dfied, and concentrated.^' Purification on' a shorts 
silica gel isoluinn, using tblxiene-ethyl^ acetate- .(«:2V^s 
eluant, gave syriapy Compound This yi'eld was 60-65%^^ 

2- [ 2- (benzyloxycarbonylapido)ethoxy] ethyl 2 , S-di-O-benzyl- 
beta-D-ribofuranoside (Compound 11, p = T/^ Rf = NHCOOBn) ^ ■ 



A mixture af 'Compound 6 ; (2 . 0 -g) and- trimethylsilyl 
chloride (15 ml^) was kept at room temperature for 20 min., 
then concerttrated,' and co-concentrated with dry . : - . 
dichloromethane. The residue- was mixed with 2- [2- ^ 
(benzyloxycarbonylamido)ethoxy]ethanol (1.5 g) , powdered 4 
A molecular sieves (3.0 g) > vand dry dichloromethane -(iS- ml), 
and was stirred at room temperature overnight , then 
filtered and concentrated. The residue was taken up in • - - 
0.04M methanol ic sodium methoxide (25 ml) . After 1^ hr. at 
room temperature, the mixture was neutralized by addition 
of C02(s), then concentrated and- co-concentrated onae> iwith- 
N,N-dimethylformamidc. .The residue was dissolved in N,N- 
dimethylformamide <20 ml) and stirred at room temperature 
while freshly prepared silver oxide (3.0 g) was added, fol- 
lowed by benzyl bromide (3.0 ml) . ■ When thin layer - 
chromatography indicated complete conversion, the mixture 
was filtered. The filtrate was partitioned between water 
and toluene, the organic layer was washed with water and 
aqueous sodium thiosulfate, and concentrated. The residue 
was putified by chromatography on a short column of silica 
gel using toluene-ethyl acetate (8:2); as. eluant. The ap- 
propriate fractions were collected and concentrated, then 
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treated with Selenium .ai6xiar?57b .„^^S ,eetic acid 
0C..4M1> in dl-=«aAe°(fJ-«If a£"rif& for ^inf The 
■ ..i=d:«re.^as=the».«^W^id tfitoiiSh -ciJiti: yiiL' of 

2-(a-toid<»thoxy)*thyl 'i^.^^at.6^rizyl^b^^^ 
ribofuranosid* ((SSmpound 11, p - i, r4 . ^3) 

^ A Mixture Of compound 6 (2.0 g) and triMethylsilyi 

chlorade ,is „1, „as Kept at-*o'6„ t«.perature for 20 AT 
then concentrated, and co-concentrated with dry 
dachloromethane. .l*e.r«JdBi'WmixirMth 2-« 
azidoethoxyjethanol (2.0 g), powdered 4 A Molecular sieves 
(3.0 , and dry dlchloroMethane (15 nl, and was stirred at 
room temperature liver^iimt, "then 'f ffie^ii i^S concentrated 
The residue was takert up in "o.oW iythanolic sodluM" 
Methox.de ,(25 I.!,.: ^After l^hrf ^it 'rod^^ i^ peVature, th^ 
Mixture was-neutralized-by -addittbn of CO,(s,, 'th™ 
concentrated and^co-concentrtted- once witt^ ^ 
dlMethylforMaMiae? ■ Ifae reWdufe wa'S dissolved 'in h'k--"' ' 
diMethylforMaMide- ,20 mI)' and itlrSrerk rooM teMperature 
_whil.,powd.r.d sodiuM hydroxide ,3.6 i,' „as Sidedf' followed 
by benzyl .Chloride- (3;o- iil) ; -Iftih' tfiii, i^yir 
chroMatography ^Indicted ioM^iete conversion; Methanol (2 
.1) was added, and after 15 Min. the Mixture was 
partitioned between water and toluene, the organic layer 
was washed with water and concentrated: -xh. residue was 
purifaed by chroMatography o:i r short iil^'^f^u^l^^ 
using toluene-ethyl acetate (^:.ii as eluant. ' The a^p^p^l 
ate,ractlons .wer, eollect.d' ana-c=„dentrated'. then^r«ted 
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with, acetic acid (0.4ml) ,—dioxane (14iiil^ and selenium 
dioxide to. 57g) at :r«fliix for 40 Iniriv The mixture was - - 
filtered and concentrate^d. - Th€^ yield :-^6f -s^tu{)y^C6tiipoQTid 
after -chromatogr^hit; purification was 50%. 

2 , 2-Diethoxyethyl 2 , 5-di-C>-*-beMyi-^eta-I>-xil>bfuran6s 3 
H-phosphonate (Compound .10, p « l| R^-^thyl) * - ' - 

Compound ' 9 was treated with^ F*iosphoriic *aeid- and 
condensing reagent essentially as described^fdr" the 
preparation of compound 8 to give -amorphous €k)Hrpound" 10 ^ 

(67%). ■■• ' - - -^--'^^^^ v'-.r. 

2- [ 2- (benzyloxycarbonylamido) ethoxy Jethyl 2 ^ 5-di-O-behzyl 
beta-D-ribofuranoside 3-H-phos^ona-te (Compound 12y^'ip 
r4 = NHCOOBn) ■ :v • N : : : 

Compound 11 was treated with phosphohic acid and 
condensing reagent essentially -as described for the 
preparation of Compound 8 to give amorphous Compound 12 
(75%). -^--■-••--^ ^-J:--:---- 

2- (2-A2idoethoxy ) ethyl 2 , 5-di-0-ben2yl-beta-D- - — - 
ribofuranoside 3-H-phosphOnate (Compound 112; p = 1, R^ = 

Compound 11 was treated with phdisphonic acid and 
condensing reagent? essentially as described for the 
preparation of Compound 8 to give amorphous Compound 12 
(70%) . ^'-y-rx. 
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Sol id Phase -synthesis ; - chalff^ Init iat ioii 

• 1. " "Preparation of the 3^^uccinate of Compound 7 

To^a solution of 'G6mpictoM' 7- (4 iflmol)^^ in dry 
pyridine (25 mlT - containing ^^liBf^thyia*ihopyridine(l 
mnol) was added_ succinic -anhydride ihinbiy . After stir- 
ring overnight water ( 0 • 5ml f ^wais ^added . After 3 hrs . the - 
mixture was part itiofned between 1: 1- toluene-ethyl acetate 
and aqueous -phosphate buffer ' (pH 6. 5> J ^= The organic la^^t 
was washed with buffer, and concentrated. The obtained 3- 
succinate of 7 was dried in vacuum over phosphorous 
pentoxide. ' ' - J! 

2. ' CoxlpXing of -'-the 3^succinateto^ the solid phase 

The succinate obtained above ^ CIO equivalents bver 
the resin amino group content) was dissolved in 
dichloromethane (5 ml/g) and mixed with a solution of 
dicyclohexylcazt)odiimide (5 equivalents over the resin 
amino group content) in a small volume bf didhlorbmethane. 
The mixture was stirred for -15 min, at room temperature, 
then concentrated. The residue was dissolved in N,N- 
dimethylformamide (5 ml/g) and the solution was filtered,^ 
then added to Merrif ield-type aminomethyl tesin (pre-washed 
with N,N-"dimethylformamide) ; After 6 h, the resin was 
washed with N,W-dimethylformamide, then with pyridine. The 
resin was treated with 9:1 pyridine-acetic anhydride for 2 
hr., washed with pyridine, then washed with 
dichloromethane. The degree of functionalization was 
determined by treating a dried and weighed amount of resin 
with 0.5% trifluoroacetic acid in 1,2-dichloroethane, and 



! 
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estimating the trityl cation content dnt the. supernatant by 
spectrophotoffiotryt;(495^:nia)i-. '. A Ltypicalc value:A»asrXJ.5.inxBol/ 

g» - 

r. !.•?.« ;c J. v — o..'- i.! i.l-'a j. 1 :"- '".'.it- oaiiuiii-f; l- c-.- •:"•.]; 

Solid phsi^e sVnthA sie! chainilionaation cVcle 

The solid-phase synthetic operations were carried 
out in a semi-automated apparatus , consisting of a reaction 
vessel with a glass filter bottom, agitation device (small 
scale batches were agitated by pressing dry nitrogen 
through the bottom filter) / liquid ^ outi«t :(bottom) , and 
liquid inlet (top);... .^u-LiquidAwas-iremove*- from the vessel 
through the bottom filter by suction, and added at the top 
by pressing with nitrogen ^ from* other vessels.- thorough teflon 

tubing. -•■ ••V'. -.rr ...:.ei.,:-^Ji:^,Lilt; 

- 1 . Tr ity 1 ' 'deprotect ion- i - . . . . 

The resin was treated with a- 0*5% solution of ijc^. 
trif luoroacetic -acid in dichloromethane until no more; 
trityl cation was 'i?6leased (as deterroined"^- ' ? ~ -^.tr. 
spectrophotometrically) ; then the resin was washed vith 
dichloromethahe , followed by 4:1 dichioromethane-pyridine . 

2. • Coupling". '■^ • ■ 

Pivaloyl chloride (4 equivalents over the resin 
hydroxyl groups) in dichloromethane r(2ml/mmoli : chloride) 
was added to a solution of compound 8 (4" equivalents^ in 
4:1 dichioromethane-pyridine^ <8ml/mmol. chloride) . After 2 
min. , the mixture was added to thei resin. Agitation was 
continued for 10 min, then the. resin was washed- with, 
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successively, -pyridine and-4:i dichlorbnethane pyridine and 
dichioroinethahe-l ■ ' The yield - in' feach ■ coupling step- was 9 T%- 
99% , ' as determined spectrophot6ine€rxcSily''by the- ieunbiint'-^bf 
the released' trityl catibn ih-the deprotection step. 

Chain Terminatibh --'-- ' K-XHOCioiw.. ;-;r»CA.'K^.X€t:% ..r.:;.f. 

Det'rit^'lated resih %As^ treated as "under (2) but 
with coinpound 9"-br^ 11 instead 6f-g".->^-^'-5^ -yf ^ 

oxidation - * ;.::-Mnr^:m:. rtor c...-^^:. 

The resin was treated with k'"ft*shly*=^ prepared -^1%^' 
solution of iodine in 98%- aqtieious pyridine" f 3^0 itiim^/ 
then washed withv successively v pyridine ahd 

dichloroinethanev:::...-'": '^:-^- :---vu,^^^- . * :^ ..c-xac ^-:-;PL^r 

Removal from resin ■ : .e^^ -^-vix-v-^r a*:-," : -'^ \ 

The resin was treated with sbdiutn methoxide Irl- • 
dioxane-methanol ( 0 . 05M) for 16- hours at toom temperature , 
acetic acid was added, and the mixture-' wa^ -then filtered 
and the filtrate' was concentrated. ThS- resid\ie> according 
to NMR analysis, contained compound 13 - {if 10 was used for 
chain termination) or 15 (if 12' was used for ' chain ' ' 
termination), together with impurities."^' 



Deprotection 

1. Conversion of Compound 13 tb^ Compt)tind 14 

The material that was' removed from the resin as - 
described above was dissolved in 1:2:2 ethyl acctate- 
ethanol-water (0.1 ral/mg inaterial ) containing acetic acid ^ 
(0.3%) , and 10% Pd/C (0.5-2 mg/mg material) was added; The 
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mixture was hydrogenated at 60 'C and atmospheric pressure 
overnight; then filtered, adjusted to. pH-.7v: and _ 
concentrated. The^ residue: was partitioned between diethyl 
ether and water . : The aqueous layer : was separated and 
concentrated. The - residue was taken-.up in. 50% aqueous 
trifluoroacetic acid at 0*C. .After 4 h, the mixture was 
neutralized at O'C with ammonia to pH 1-, then the mixture 
was concentrated to a volume, of approximately^ ao,mg/ml, and 
applied to a column of Fractogel TSK.HW-50,. packed, and ; 
eluted with lOroM ammonium bicarbonate buffer , pH6 . 2 . The 
appropriate fractions were collected, concentrated, and 
redissolved in water i( 0^.1 ml/mg material )-. . This , solution 
was slowly passed through a column of Dowex-5a x 8 (Na..._. 
form, packed and eluted with water) . The appropriate 
fractions were collected and lyophilized. NMR spectroscopy 
in D2O solution showed, inter alia, signals from the 
anomeric protons in the region -4.9-5.1 ppm and signals from 
the spacer unit (aldehyde proton, dihydrate form) at 5.1- 
5.2 ppm. The amount of successful coupling cycles (that 
is, the value of n in formula, for Compound 14) was verified 
by integration over the anomeric signals and the spacer: 
signals, respectively. 

2. Conversion of Compovind 15 to Compound 16 

The material that was removed from the resin was 
treated essentially as described above for conversion of 
compound 13 to 14, except that the trifluoroacetic acid 
treatment was omitted. NMR spectroscopy in D2O solution of 
the lyophilized product showed, inter alia, signals from 
the anomeric protons in the region 4.9-5.1 ppm and signals 
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from the sp^e!r ' 'ttni t i CH2 N tr ipr^t) - at - 3.2-^ ppm ; The - amount 
of successful coupling cycles (that is, the value 'of n in 
the formula for* Compound 16)^' waB^\i^rifie^ integration 
over the^anomerdc ci^aTs- and the-'' spacer -signals, 
respectively." The- purification of 1'4 " and *±6 could also be 
effect^sd by prM^&irativ^' llPLC'^o^^^ M 
aqueous triethylammdniiHnt acetate tP^JS-i 3>^ with 2; 5 
acetonitrite aS «^iuaht. vi^r,- :::r-. *a . . ^ x 

EXAMPLE -2 ^^ --•:t.v. .... . ^ 

- - : ^ Purification of an Hib Adheiiii - - 

Bacteria were grown 24 h ih d6firi6d media arid 
labeled metabolically' with ' ^Ssi-methioriine; eells- were - ~ 
harvested and washed by ceritrifugatidn three time* iit-^ ' 
saline and suspended in approximately 20 ml of 10 mM Hepeis • 
buffer, pH 7«4V~and chilled <)n- icel^ ' Th^ ^1^ 
si on was then sonicated on ice 6 times- for 30; Seconds each 
at a setting of 4 on a Brorison Sonicator. ' Thie sonic 
extract was centrifuged' at "10 > 000 x g f o^^^ at 4^ C, 

and the resulting outer membrane protein ^ (<)MP> pellet w^ 
stored until use in Hepes buffer containing protease 
inhibitors- (PIC I & PIC II) . > - r, .^ » : 

OMPs were next centrifuged at 100,000 x g 'for 30 
min. at 4* C and the resulting pellet was suspended in 4 ml 
of 10 mM Hepes, -^pH* 8.0; containing 1,3% octyl- - i " ^ - 
glucopyranoside (Sigma) ; sonicated 5 miri./ and incubated at 
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room temperatuireTDr 30 ^mim^ The resulting: solubilized 
OMPs were centrifuged' again at 100,^00 x-g^ fcar^ 30 min. at 
4* C^^rid the supernatant containing i)arti:ally purified 
adhesin was decanted and eaved^ ^:-nar-c' . v: . . r . 

- i The adhesirt' was purified by an receptorv^ff indtyr:C'-o 
solid phase procedure ^ as follows. i:: ThH csupematant was 
diluted 1/10 in 50 bM Tris-HCl, pH 7.8, containing 150 mM 
NaCL and 1 % bovine serum aabumiw : ( BSA) . and ^ rincubated^.i-n . a 
receptor-coated- microt iter wellB :(tr. 8 micrograms of 
gangliotetraosylceramide/welir whichrhad-^been previously 
blocked vith BSA^.v Control Areils ja^icking receptor were- hIsd 
used. After a 2 h 'inctibation at ^oom temperature, wells 
were washed 4 times with cold saline.-: The .mceptpr-^^^ 
adhesin was eluted by incubating ^fche wells for 30 min.-at-^^ 
37* C with 0.05 ml of 10 inM Tris-HCl; pH 7^^ containing 
0.1% SDS which had been previously heated to 60V C. The- 
SDS elution buff er was removed from the cwells .and .'analyzed 
for protein by SDS-PAGE and autoradiography*"^: / m - 

Alternatively, the adhesiwcan be purified by: using 
an affinity chromatography column where the lipid receptor 
is immobilized onto an ^appropriate gel solid support; i . The ^ 
sonic extract "is loaded on the top of the gel and the , : 
column is washed to remove unbound material . The adhesin 
is then eluted with SDS elution buffer or a chaotropic ^ ^ 
agent, such as NaCl or KSCN, and dialyzed and aneLLyzed by 
SDS-PAGE and autoradiography. t : : 

The molecular weight of the pur i-lied adhesin: 
protein was determined by SDS-polyacrylamide gel • 
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electi?ophoresis.;^ . .Figure 1: shows ,1d^e iSaiaple analysis in the 
following lanes:. 1, . total. o\it:^r membrane 

P^^poT-»^foT. ^r>nin pa emonhilus influenzae jtvpe b stained with 
Coomassie blue; 2/t autpradipgraphy of r^S^-iabeled total 
outer membrane pyoteiiia; 3 / autoradiography: of ^Ss-iabeled 
adhesin proteinireluted .from immobiJLiz^ receptor asialo- 
GMi; 4 , autoradiography of material elu1;ed -from immobilized 
globoside, a nonsense glycol ipid*:,^:,^roW; indicates the 
adhesin migrating-- between PI and P2 : with a ^molecular -weight 

of about 41 kD-. --ci.-: ^...i.-.. . .,■ •.: r 

r .1.. .. T- -.i-.tt-- ! - L Vi' ' ■ Tip'' i . a' V- . .M' ■ 

Neutralization of Adhesin . Binding to Receptor , 

BALE C mice were injected IP with 10 micrograms of 
partially purified adhesin protein ^(HibOMPs) in complete 
Freunds adjuvant (1:1) . After one month, the i^ice were , 
boosted with a seconds IP injection (10. micrograms of, 
protein) using incomplete Freunds adjuvant followed by a 
third injection 10 days later* ^ 

Antiserum was then tested for neutralizing activity 
against 35s-iabeled Hib adhesin in a receptpr binding 
assay. In this case, antiserum- and normal mouse serum at 
various dilutions were inc\ibated. with. ^.^S-labeled Hib 
adhesin protein for one hour at room temperature and then 
added to microtiter wells coated with asialor.GMl or 
globoside as a negative control. After inciibation of : the- 
microtiter plates for 2 hours, at room tempera tyre, :^the 
microtiter wells were washed, cut from the plates and 
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radioactivity was cquantif ied using a Beta-^intillatiori 
counter. The -results are shown in Figure ^2.^ The results 
show iJiat thec-adhesin is iinmuBogenic-a-nd that antibodies 'to 
the adhesin effectively neutralize -the adhesin's receptor 
binding activity;::- r^t^;)P^Q;^^b^-^ 

Identification and Cloning of ' 
an Haemophilus In fluenza Adhesin 

1. Membrane -proteins binding to receptor. 
Membrane proteins were prepared as follows, paemophilus 
influenzae typo b (ATCC 9795) were grown to stationary 
phase, pelleted; resuspended in saline buffer/ and - ' : =r ■ 
sonically disrupted. This material was then centrifuged at 
12,000 X g for 15 min, and the supernatant ^was centrifuged 
at 100,000 X g f or 1 h. The re^iiltatot pellet contained 
Haemophilus membranes, which were resuspended in-saliTie and 
tested for adhesin activity as described in Krivan, et al. 
Proc. Natl. Acad. Sci. USA , 85:6157-6161 (1988) , 
incorporated herein by reference. Briefly, membranes were 
prepared from [ 3% ] methionine metabolically-^labeled^ cells 
(1 micro-Ci/ml of media). Glycolipids were resuspended in 
chloroform: methanol (1:1, vol:vol) and serially diluted - 
into 96-well microtiter plates. These plates were allowed * 
to dry, washed 5 times with Tris/BSA (25 mMTris, pH7.5, 1% 
bovine serum albumin) , then 2 X 10^ CPM of labeled 
membranes were added to each well and inCxibated at room 
temperature for 2 h. The plates were then washed witli^ 
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Tris/BSA 5 times, and the lindiyidualr wells r cut out and 
counted on a sciiitillation counter to determine the amount 
of CPM.boxmd to :each well. - This showed uthat,>Hij membranes 
bound similar to Hi whole cells. - ; :ci ..arrir : 

2. 1 Production of monoclonal antibodies that i , 
inhibit adhesion of T Haemophilus, ;Balb/o mice were ^ 
immunized -with . membranes i fromv Haemophilus: influenzae type r b 
(ATCC 9795) , and their -sera, wast tested ::f or the development 
of antibody that inhibited membranes from: binding to . 
receptor (Figure 2y v .r^.Spleens -from>these mice, were used to 
isolate splenocytes for fusion with SP2/o^AG14e (ATCG/ CRL 
8287) mouse myeloma cells according .tor Harlow/ et ai* , . r 
Antibodies: A Labo ratory Manual < Cold Spring Harbor : 
Laboratory, Cold Spring Harbor, NY) 1988) v incorporated 
herein by reference. Seven hundred and fifty positive 
fusion hybridoma cultures from four separate fusions. were 
screened for the production of ^antibody^. that reacted on 
ELISA with membranes^ TheiELISA was performed as follows. 
Membranes containing 1 microgram of. protein/ were used to , ( 
coat 96-well microtiter^ plates ; The coated wells were >c 
washed with PBS (phosphate buffered saline> 10 ,mM sodium 
phosphate, pH 7.5, 167 mM sodium chloride) > .then, .incubated 
with 100 microliters of hybridoma culture, supernatant w The 
wells were washed, incubated with 100 microliters of 
secondary goat anti-mouse antibody conjugated with 
horseradish peroxidase for 1 h, then bound antibody was 
detected colorimetrically (Biorad) . Seyentyrfive membrane- 
reactive hybridoma cultures were then tested for the . 
ability to;,inhibit membrane binding ; (Figure 3):. Hybridoma 
culture supernatants were incubated . with 4 x 10^ CPM of. 
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[ 3 5s ]- methionine labeled, membranes fcr-1 h at room 
temperature. This mixture was -then added to serial 
dilutions. .of ^receptor bound passively to 96-well microt iter 
plates and -assayed f or binding;^^ classes ^-of -inhibiting 

antibodies were identified. One class, such as the 
antibodies designated Hib 10, completely inhibited -binding >^ 
and were subsequently shown to react with the 
lipooligosaccharide' component of these membranes, ^ The ^ ^ 
second class of rantiiodie&^..!Su<^^c^^^^^ designated :Hib30 

and Hib43, partially inhibited binding; 

3 . , Identification of the putative adhesin. The 
hybridoma cultures which produced antibodies that partially 
inhibited binding were cloned by limiting dilution to 
obtain stable cell lines according to Harlow, £• and R. 
Lane (1988) "Antibodies: A Laboratory Manual/" pp. "139^ 
244, Cold Spring Harbor, NY, incorporated herein by 
reference. Large amounts of antibody were produced in the 
ascitis fluid of Balb/c mice, -and the class of each 
antibody was determined according to Harlow et al. The 
antibodies were then used on Western blot of .Paemophj,;ius 
membranes and whole cells to identify a potential protein 
adhesin .according to . Harlow et al. All of these antibodies 
recognized an approximate 47 kDa protein, Hin47, by this 
technique (Figure 4). Western blot analysis with these 
antibodies according to Harlow et al. allowed further 
characterization of this protein. Several lines of 
evidence suggested that this protein is located on the 
surface of Haemophilus , as would be expected for a 
functional adhesin. First, the ability of whole cells to 
bind the receptor was inhibited by these antibodies in an 
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assay as- described above ufor:iaaeiabrane: bindi .inhibition 
but using ^radiol^bele^i Whole. <3ells:r (4 . X IQ^. CPM/well) . 
Second,, the |iin47.,^:a: ipmunoreaQtiveuprpte was degraded 
when, whole .c^ll^ were- tr:eated w^ (Figure j4) . 

Briefly, whole. cells: were = grpwn to stationary ^hase / 
pelleted by centrifugation (12,000 x g) , and resuspended in 
PBS ^ . Serial . dilul^^^ K were added to the 

cells and inciibated fpr ;luJh> incCells, jwere t^ with 
SDS-PAGE .sampl.e-tbM^ffer^ according^ to^ LaeiWDll, Nature 
(London) . 227:680-6«5 (197.0)' (incorporated liiere in by : 
reference);, _boiled,v; and :3eparated on SDSrSAGE^r This .gel 
was then Western J>lptted,. fcp detect an r 

immunoreactive Hin47. j>ratein>v:- Third, iodinated whole cells 
contained a radiolabeled cHin4 7 protein that could be 
immunoprecipitated from solxibilized proteins jby. the anti-^ . 
adhesin antibodies* Briefly,-, whole Haemophilus were igrown^^^ 
to stationary phase and pelleted by centrifugation. Cells 
were resuspended in PBS and iodinated with Ipdogen (Pierce) 
according to the manufacturer/ s recommendation . Cells were 
then solubilized in radio immune precipitation buff ear (RIPA 
buffer, 20 Tri«^ pH 7.4, 150 mM NaCl, 1-mM EDTA, 1% 
Nonidet P-4A, 1% deoxcholate, 0.1% SDS, ImM PMSF) > and then 
inc\ibated with Gammabind beads (Pharmaciei) overnight at .. j 
4'C. The beads were then pelleted by centrifugation.t(2000 
X g, 5 min) washed 5 times with PBS . containing 0.05% 
Tween-20, and resuspended in SDS-PAGE sample buffer. This 
sample was then separated by.SPS-PAGE, and the gel was 
dried and autoradiographed. This showed the Hin47 protein 
was acces^sible to iodination. Four1:h,,,_whqle^r^^ ...j 
membranes that were extracted repe^^tecily/W X- 
100 lost this Hin47 imiaunoT^eactive protein. This was 
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performed by taking whole cells or membranes and mixing 
them with the deteirgenty ..pelleting:^*he, materisa ^ b^ h . 
centrifugation.:(.az,(000. ;x spvforr.membranes and 2Q.O0 x g if or 
whole cells) -, .*nd taldungiLttie supernata«t. t rThi 
(pellet and supernatant) .was .sepa gat ed cfey ^SDS-^PAGE gel. 
Western blotted^/ and the ^presence :x>£f iHin4i'iT;protein . detected 
with Hib 43 antibody in -Uje jsolublfeif ract^ . . 

.4 . Cloning, and. sequencing of H*he gene that . encodes 
the 47 kDa adhesin.. Cloning roethods ivere cperf ormed by 
standard procedures .as degqribed ^by.Maniatis et al .. 
Molecular Cloning; A vLabor atorv Manual Wflold Spring Harbor 
Laboratory, Cold Spring Harbor,. NY>. (1982) , . incorporatedr 
herein by reference Total DNA f yom Haemophilus . inf luenear 
type b strain ATCC .9795 was isolated and partially digested 
with the restriction enzymes :Ecp .Rl accoicding to the.: ^;:; < :nM 
manufacturer's reconanendations (BoerhingerrManheim) . ,i DNA .r. 
fragments 4-^15 kbp ;in length were i isolated - on a sucrose r u ^ 
gradient and ligated to Eco m-digestedrljambda ZAPII arms 
as supplied by Stratagenev Inc. This . ligation wasrthenr-j 
packaged into phage particles and used to tranfect the 
Escherichia coli host strain^ XL-1 ..(according .to Statagene 
protocol ) i to obtain phage plaques which express Haemophi3>^s 
proteins. These plaques were used in an dmmunoblot screen 
with Hib 43 using a Stratagene Picoblue detection kit. , 
Positive reacting plaques were purified and used. to- induce 
the production of a plasmid through the useof .the helper 
phage R4 08 (according to Stratagene protocol) . These 
plasmids.ccarried ithe Haemophilus insert DNA which encoded 
the Hin47 immunoreactive protein. The restriction map for 
one of these plasmids, designated pMClOl, is shown in 
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Figure 5. All plasmids which expressed the Hin47 protein 
contained the 10.5 kbp DNA from Hi. The location of the 
gene endrodfit^^hi's pr<>tein was^- d^ iay-dei^ion ^ ^ 

analysis of pMClOl. Deletion analysis was performed by 
generation of '"^ttoclories of pMClOl contaiiii^^ various 
restriction ' f ra^fent^ iri ' the Vector pSK- ( S tratagehe) . 
These subclone^ are represented on' T'igure 5 with an 
indication of whether edch exjsresses a Hib 43 
immunoreactive protein. The deletion analysis suggested 
that the Hin47 was encoded by • a gehe 'Which bounded by 
an approxiinate 2.4 kbase Pst T to BaioHl fragment. 
Therefore; sequence analysis of this' entire "region was ' " 
performed using ' the ^didebxy doxible eti^anded^^sequencing 
methods * of Sanger eit al. / "Determination bf Nucleotide ' 
Sequences in DNA>" Science , 214 ; 1205-1210 (1981) / with ' 
Seguenase® brahd'bf DNA polymeratee/ (US Biobhemicals) . 
The results of this analysis are represented in Figures 7A 
and 7B. An open reading frime- (ORF) was identified which 
would encode an approximate' 49' XDa protein, comprising 463 
amino acids, located between nucleotide 115 and 1503. 
Analysis of the ' amino adid sequence predicted by this OiRF ' 
indicated that "this protein' contains a putativfe signal 
sequence of apprbkimately 2.5 kDa and 25 amino acids. This 
could result in a mature proteiii of approximately 47 kDa 
and 438 amino acids as indicated by prior Western blot 
analysis. This ORF was designated hin47 . The expression 
of the Hin4 7 protein was similar irrespective of the 
orientation of the gene with respect to the beta- 
galactosidase promoter contained in pSK(--) , indicating this 
protein is expressed in col i under its own promoter. 
Membranes of coli clones that expressed this protein 



wo 94/00149 



PCT/US93/0601J6. 



- 80 



were compared witbr the membranes.. of Ei.,iS2li tjtia>tcdi<i not 
express this protein a tFiqure- 6) . ■ The. binding^ curves fpr 
both membranes Gprepacat ions odemonstrate that tbi^ protein 
confers Tipon Bw;. ooli >.the. abilityy to bind- teP-^thg.jreceptor 
with high affinityyr.like HafiHSElliiJiSs.) r . --r- .- < - . 

-.f •'■■■^Vy ><»!^v i- 1.1. ?>.na!.-?c •r;..T.o ^ j'-' ■::::-.Lor:': 

5. The' Hin47 adhesin. isai*.4 'l^^y^LP''***^^' series 
of major integral membrayneoprofcf insi^ cha?rac.t.erized 
by several: invest igatbrs^ (gonzalesv et, ■ aj.^ ^a^Infect. Imroun. , 
55 : 2993-3000 (1987) yr incorporated . her<Bin byr r#f eyence) . 
These include Ply which - is approacimately 4.3 Jcpa > and. P6 , 
which is approximately. -18. JcDa.: The Hin47,. adh^,in wasc 
analyzed to insure that It. was : not any of . these pre^ripusly 
characterized proteinsw'.c Using an R» . coli ■ clonen thait- 
expressed PI or: P6, neither clon.e. reacted : with. .Hite 4,;j , 
demonstrating that this antibody -tdoes not .^recognize either 
of these proteins ^ Additionally r -since the PI prote.in.. is 
similar in size to the Hin47 adhesin, we demonstrated by 
heat modification that the Hmi47 adhesin was not ^Pl>, £ The 
E. coli which expressed PI was separated by SDS-PAGE- lafter 
treatment at roomrtemperature..Qr. 100*^ . , tPl has .previously 
been shown to be heat modifiable (Gonzales et • al . ) • After 
treatment at 100° C, the protein migrates at about 43 kpa,;,r . 
while after treatment at room temperature, P\, migrates,- at 
about 32 kDa. The Hin47 protein was shown, not to be heat, 
modifiable. A comparison of , the sequence of the 2.4 kbase 
Pst 1 to BamHl fragment of pMC102 confirmed, that liiMl has 
no homology with the gene that encodes PI. i.: . 

6. Purification ofthe Hin47 adhesin. The Hin47 
protein was purified to homogeneity using the monoclonala;, 
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antibody ilib; 4aitas tan iramunoabsorbent according to Krivan : 
et al., ^nf. mdx lj^ ^CaS87>u;: i Briefly , 

antibody was coupled to cyanogen activated "sepharose' 4CL \ 
beads (Pharmacia) according^ to -the^ wanufaeturer ' o - - ^ 
recommendations 'A *4 -ml -column corttai'ning^ about -3 mg"of^ 
coupled antibody was msed .I'M i^he^4iin47nip»ot;eS^ was? = produced 
by XL-l/pMClOl grown to stationary phase -i^ -©^4 I> culture-- 
in Luria Broth. : The cells^ were pelleted^ by. Jcentr if ugation 
(12,j00O X IS .miiij / 'resuspended .in EB£,o^ 

The sonicate was pelleted by centrifxigHfcion ^(rl2>poo x.gvvl^^^^ 
min) and the supernatant ^pel Let ed hyuceaitri^Bugat ion : v i -r 
(1000,000 x= gr 1 fh):--^ Theo^ membrane pellet was 

resuspended in 0.5% octylglucopyranoside (Sigma Chemical) 
and pelleted by centrifugation (100,000 x g, 1 h) . The 
supernatant was exhaustively dialyzed against 50 mM Tris, 
pH 8.5 and applied to a DEAE-sepharose coluian (Sigma 
Chemical) . A fraction containing Hin47 was eluted from 
the column using 125 mM NaCl, 50 mM Tris, pH 8.5. This 
fraction was dialyzed against PBS, then applied to the 
antibody column. The colximn was then washed with PBS, and 
bound protein was eluted with 100 mM glycine, pH 2.8 and 
immediately neutralized. This material was dialyzed 
against PBS and analyzed by separation on SDS^PAGE. The 
gel was stained by silver (Biorad) . The Hin47 protein 
appeared as a single species, indicating purification to 
homogeneity. 

?• Conservation of the Hin47 adhesin with the 
Haemophilus influenza serotype. The conservation within 
the Haemophilus influenza species and genus was analyzed 
using Western blotting of whole cells and Southern blotting 
using DNA isolated from whole cells. Table 5 contains the 
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results obtained from this study. Seven non typable IL. 
influenza strains, three serotype b strains and three 
clinical h. influenza strains that have not been typed all 
reacted with a monoclonal antibody (Hib 43) specific for 
that 47 kDa Hin47. The DNA from all these strains also 
hybridized with a DNA probe of the entire hin47 gene. This 
hybridization was found at high stingency levels (less than 
5% mismatch) which "confirmed that strong conservation of 
this gene within the h. influenza genus. A second measure 
of the close relationship between these sequences was 
demonstrated by PCR analysis. Primers that hybrized with 
the immediate 5' and 3' regions were able to amplify a DNA 
fragment from each strain that was identical in size to the 
hin47 gene from strain ATCC 9795, the strain that was used 
to originally clone hin47 . The PCR analysis was performed 
using GeneAmp-PCR kit with AmpliTaq® brand Taq-polymerase 
(Perkin-Elmer Cetus) . 

EXAMPLE 5 
Coupling Synthetic PRP t o Protein 

Using the Oligomers of Compound 14 

A solution of human serum albumin (41 mg, 1.0 
micro-mol) in phosphate buffer (0.1 M, pH 8.0, 1.5 ml) was 
mixed with a solution of Compound 14 (40 micro-mol), then, 
after 1 hr. , sodiiim cyanoborohydride (26 mg, 410 micro-mol) 
was added. The mixture was gently stirred at 37 'C for 4 
days, then ultraf iltrated, diluted with water, and 
ultrafiltrated again. The retained material was 
lyophilized and purified by gel filtration on Bio-Gel P4 . 
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The appropriate fractions were collected and lyophilized. 
The degree of fiinctionalization (as haptens/protein 
molecule) was estimated by a combination of Lowry protein 
determination and orcinol ribose determination* Generally, 
a value of 5-10 haptens/protein molecule was obtained. 

Using Oligomers of Compound 16 

A solution of Compound 16 (100.micro-mol) in a 
mixture of aqueous sodium hydroxide (0.5 6. 0 ml) , 
ethanol (4.0 ml), and acetic'acid (180 microliters) was 
stirred while thiophosgene (30 microliters) was added. 
After 10 min., the mixture was partitioned between ethyl 
acetate and water, the aqueous phase was concentrated to 
half the volxame and added to a solution of human serum 
albumin (164 mg, 4.0 micro-mol) in borate buffer (O.IM, pH 
9.3, 6 ml) . The pH was adjusted to 9.5 and the mixture was 
gently stirred overnight at room temperature, then 
ultrafiltrated, diluted with water, and ultraf iltrated 
again. The retained material was lyophilized and purified 
by gel filtration on Bio-Gel P4. The appropriate fractions 
were collected and lyophilized. The degree of 
functionalization (as haptens/protein molecule) was 
estimated by a combination of Lowry protein determination 
and orcinol ribose determination. Generally, a value of 
10-20 haptens/protein molecule was obtained. 

EXAMPLE 6 



Comparison of the deduced amino acid sequence of Hin47 from 
H, influenzae tvpe b strain 9795 and five phvloqenetically 
diverse non-typable strains 
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A candidate subunit vaccine for otitis media must 
be highly conserved between the^ coBmaon^ strains 
of non-typable IL. influenzae . To assess the conservation 
of Hin47 in non-typable IL. influenzae at the amino acid 
level, the hin47 genes from five phylogenetically diverse 
strains (Musser et al., Infection and Immunity , 52:183-191. 
(1986), incorporated herein by reference) were cloned by 
polymerase chain reaction (PGR) methods. DNA from each 
strain was used for amplification with a primer 5' and a 
primer 3' to the structural iiin47 gene. See Hinf3 and 
Hinf4 on Figures 7A and 7B.^ The was 
performed using an Amplitaq DNA amplification kit (Perkin 
Elmer Cetus, Norwalk, Conn.) by the methods provided by the 
manufacturer. Each amplified gene was cloned into the PGR 
cloning vector PGR II (Invitrogen, San Diego, CA) according 
to the manufacturer's methods and subsequently subjected to 
DNA sequence analysis. The sequence analysis was performed 
using the dideoxy double stranded sequencing method of 
Sanger et al.. Science, 214 : 12.05-1210 (1981) , incorporated 
herein by reference, with the Sequenase ® brand of DNA 
polymerase (U.S. Biochemicals) • The deduced Hin47 amino 
acid sequences obtained from each hin47 gene are compared 
in Figure 8. Table 6 summarizes the results from this 
comparison. All non-typable hin47 genes were extremely 
highly conserved. These results strongly suggest that 
immunity against Hin47 expressed by the gene from one 
strain would protect against challenge from all IL_ 
influenzae strains. 
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Animal studies to evaluate Hin47 as a subunit vaccine 

A candidate subunit vaccine must be strongly im- 
munogenic and have the ability ,to,^enerate a protective 
immune response • Several animal experiments were performed 
to assess these properties for Hin47. 

Immunogenicity studies were performed in Balb/c 
mice to assess the. IgG response to various doses of 
purified Hin47 protein. Animals received three injections 
of antigen in the presence of altiminum phosphate as an 
adjuvant. Anti-Hin 47 IgG titers were determined by an 
enzyme immunoassay using purified Hin47 as the detecting 
antigen. These results are summarized in Table 7. The 
minimum challenge dose of 1 ug per injection of protein 
elicited a strong IgG response in mice. These data 
demonstrate the highly immunogenic nature of Hin47. 

The protective activity of anti-Hin47 antibodies in 
an infant rat model of IL. influenza -mediated bacteremia was 
used as one measure of the ability of Hin47 to act as a 
protective antigen. The methodology was that Moxon et al., 
J. Infectious Diseases. 129:154-162 (1974) and Loeb, 
Infection and Immunity . 55:2612-2618 (1987), both of which 
are incorporated by reference. Rabbit anti-Hin47 antiserum 
was generated by immunizing a rabbit with 3 doses of 100 ug 
of purified Hin47 in the presence of complete Freund's 
adjuvant on day 1 and in the presence of incomplete 
Freund's adjuvant on day 28 and 42. The resultant 
antisera was shown not to possess significant antibody 
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against the previously demonstrated- protective epitopes 
expressed by HL influenzae (PI, P2, and P6 proteins and 
polyribitol phosphate) . Groups of five 5 -day old infant 
rats were injected subcutaneous ly- with either, rabbit .^nti- 
Hin47 antibody, prebleed serum, or saline. After 24 hours, 
the infant rats were challenged with 200 colony forming 
units (CFU) of the virulent IL. influenzae Minn A strain 
(Munson and Grass, infection and Immunity. 56:2235-2242 
(1988), incorporated herein by reference) by 
intraperitoneal injection. The results from these 
experiments are summarized in Table 8. The results are 
expressed as the average CFU/ 0.1 ml of blood for each 
group of animals, the number of animals with bacteremia in 
each group, and the percentage of -bacteremia compared to 
the saline control. Animals receiving Hin47-specif ic 
antibodies were significantly reduced in bacteremia, and 3 
of 5 animals had no detectable organisms in their blood. 

The second animal disease model used to assess the 
efficacy of Hin47 as a vaccine candidate was the chincilla 
otitus media model. The methodology was that Bakaletz et 
al.. Infection and .Immunity , 57:3226-3229 (1989)^, 
incorporated herein by reference. Chincilla were immunized 
with three doses (50 ug per dose) of Hin47 protein in the 
presence of complete Freund's adjuvant on day 1, and in the 
presence of incomplete Freund's adjunvant on day 28 and 42. 
Two control animals were injected with saline. On day 47, 
the chincillas were challenged with 2,000 CFU of a non- 
typable H. influenzae strain designated strain 12. Ear 
infection was monitored by otoscopic examination and 
tympanometry on day 1, 2, and 6 post-infection. Fluid was 
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collected through epitympanic bulla by injecting 0.2 ml of 
saline into the middle ear cavity and then aspirating the 
fluid. The fluid was plated on chocolate agar plates and 
incubated at -37-* C-ovemi^ht . — ^Positdve-controlr-prot^t ion- 
animals were either an animal that had recovered from an 
ear infection or animals that were immunized with heat< 
killed strain 12 -whole cells^ - The-xesxxlts-are summarized 
in Table 9. Two of four Hin4 7 -immunized animals were 
negative by typanogram analysis and had significantly 
reduced bacteremia at day 2. These data suggest that Hin47 
has protective value in the active protection chincilla 
model for human otitus media. 
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TABLE 1: PREPARATION OF MONOMERS FOR SOLID PHASE SYNTHESIS 

OF PRP FRAGMENTS 
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Monomer for chain initiation 
in solid phase synthesis 



Monomer for chain elongation 
in solid phase synthesis 
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TABLE 2: PREPARATION OF SPACER-CONTAINING MONOMERS FOR 
CHAIN TERMINATION IN THE SOLID PHASE SYNTHESIS 




Monpmers for chain tergfiination 
in solid phase synthesis ' 
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TABLE 3: QLIGOMERS.OBTAINED AFTER COMPLETED SOLID-PHASE SY^^^HESIS 
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TABLE 4: STRUCTURE OF CONJUGATES BETWEEN-SYNTHETIC PRP FRAGMENT 

AND ADHESIN PROTEIN. 

.-. : JT? ..n '."/.•I- ...O: .-.i-jk .-.■■.•r ..ji:; • .■ / • 
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Table 6; Conversation of Hih47-'isahbW^ HaenioDhllu^ influenzae 



Strain 



Type 

'ir i-'i-e ^rX\ -".'V '^^I'C' viiV 



Nucleotide 
'hom6fogy ^ 



Amino acids 
' hdmology 



9795 
1161 
3690 
1636 
9333 
3639 



b 

NT 
NT 

NT. 
NT 
.NT 



100 

99.8; 

99.8 

99.7 

95.0 

94.6.,. 



100 

100 

100 

99.8 

98.0 

98.0 



Table 7: Anti-Hin47 IgG titers in murine "^s era defermined by 
EIAs . 



Dose of 
Hin47 (ng) 


REACTIVE TITERS 


Prebleed 


Bleed 1 


" Bleed 2 


Bleed3 


Bleed 4 


0 


<200 


<200 


<200 


<200 


<200 


.1 


<200 


12,800 


43,520 


696,320 


819,200 


3 


<200 


28.160 


81.920 


696,320 


819,200 


10 


<200 


20.480 


112,640 


1,187.840 


2,293,760 


15 


<200 


. 74,240 


143,360 


1,187,840 


2,785,280 
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Table 8: Protective activity of anti-Hin47 antibodies in the 
infant rat. model. 



IMMUNOGEN 


cfu/0.1 ml blood 
(# of animals with bacterenua/Total # of animals), , 


% OF CONTROL 


Anti-Hin47 Ab 


1.560 (2/5) 


10 


Prebleed 


- 17.040(5/5) 


' lib 


Saline 


15,440 (5/5) 


100 



-.1 J. 



Table 9: Protective J^ility of Hin47 Against Non-Typeable 
influenzae Infection in Chinchillas 



Chinchilla 


Immunogen 


Middle ear infection 


(#) 


Day2 


Day 6 
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Bacteria 


Tympanogram 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANT: MicroCarb Inc. 



(ii) TITLE OF INVENTION: Adhesin-Oligosaccharide Conjugate 
Vaccine for Haemophilus Influenzae 

(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE'Xbbl^SSl^^*----''- r : ^ " ^ ^ 
. ... ; ^.(Al, iADDRf:?SEE:. ..|Q3ni^^^ ^ 

(B) STREET: 1155 Avenue or the Anencas 
*•■ (C) XITY: New York 1.: 14;.: fi.--^^^ r.c;.r -^v 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) ZIP: 10Q36,, , ^ - , ^ — ^ 

(V) COMPUTER READABLE FORt^V^;^- y,^^ ..v r . , o ^ s • • r ^ ' n ^ :^ , 

(A) MEDIUM TYPE: Floppy disk 
(Bl COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: Patentin Release 11.0, Version 11.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION- NUMBER: : US .,07/9913 r 

(B) FILING DATE: 22-JUN-1992 

'{O- 'CLASSIFICATION: = ■ * -i-u r- - ' 

( vii) PRIOR AlipLltATIdN %ktkl-''''- 

(A) APPLICATION NUMBER: US 07/810,966 

(B) FILING DATE: 20-DEC-1991 

(vii) PRIOR APPLICATION DATA: 

- (A)' APPLICATION NUMBER:' US - 07/631 , 698 
(B) FILING DATE: 21-DEC-1990 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Geraldine F. B^dwin 

(B) REGISTRATION NUMBER: 3] ,232 
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(2) IHFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE characteristics: 

(A) LENGTH: 1611 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOU>GY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTtiETidAiiT W 
(ivr AHTI-siNSE r NO ~ ' 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) ix>CATIONi :=li5«i:il50lj:i:xue.ii^;^e aaney.-, r. v; cpT.i:.j 



60 
117 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

TTGTACTCCT CCGATCTCCX "^^^K^^'^^WS^ ^^"^S^^C ^t^^^^ 

rrrrATTTTT TTGTCTTACA CACCACC^.TCTGAAATTT, attttcgagt attt atg 

' ' Met 

1 

AAA AAA ACA CGT TTT CTA TTA AAT ACT ATT CCA CTT GGA TTA ACT GTA 165 

eg 

5 



AAA AAA ACA CGT TTT GTA HA aat aia waa wwr* * ™* 

^ lJs tS Arg Phc Val Leu Asn Ser He Ala Leu Cly Ueu Ser Val 



TTA AGC ACA I^^-^^TTT" inr CCT CXA GCC 'ACT trC^CC* ACT TTT CTT TCC . ? 213 
Leu sSr Thr Ser Phe Val Ala Cln Ala Thr Leu Pre Ser Phe Val Ser 

. 20 «• ' • 30 

GAA CAA AAC ACT CTT GCA CCG ATG TTA GAA AAA CTA CAA CCT GCC GTT 261 
Glu Gin Asn Ser Leu Ala Pro Met Leu Glu Lys Val Cln, Pro, Ala Val _ , , . 
35 . 40 ^ ^ ^ 45 

GTC ACT CTt' TCC GTT GAA GGA AAA GCt' aAa" cTA CAT TCT CGT TCT CCT ' 309 

Val Thr Leu Ser Val Glu Cly Lys Ala Lys Val Asp Ser Arg Ser Pro 
50 55 60 65 

TTC CTA GAC GAT ATT CCT GAA CAA TTT AAA, WC TTC TTT GCC CAT PGT 357 

Phe Leu Asp Asp He Pro Glu Glu Wie Lys Phe Phe Ph* Gly . Asp Arg ' 

70 ... • . . 75 , , .. .,80 ., 

TTT GCC GAA CAA TTT CCT GGA CCT GCA GAG TCA AAC CCT AAC TTC CGT 405 
Phe Ala Glu Gin Phe Cly Gly Arg Gly Clu Ser Lys Arg Asn Phe Arg 
85 90 55 
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GGT TTA CGT TCT GGT GTC ATT ATT AAT GCA ACC AAA GGC TAT GTT TTA 
Gly Leu Gly Ser Gly Val He He Asn Ala Ser Lys Gly Tyr Val Leu 
100 105 no 



453 



ACC AAT AAT CAT GTT ATT GAT GCA GCT GAT AAA ATT ACC GTG CAA TTA 
Thr Asn Asn His Val He Asp Gly Ala Asp Lys He Thr Val Gin Leu 
115 120 125 

CAA GAT GGG CGT GAA TTT AAA GCA AAA TTA GTG GGT AAA GAT CAA CAA 
Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val dy iLys Asp Glu Gin 
130 13i5 140 145 

TCA GAT ATT GCA TTA GTA CAC CTT GAA AAA CCA ACT AAT TTA ACA GAA 
Ser Asp He Ala Leu Val Gin Leu Glu Lys Pro Ser Asn Leu Thr Glu 



150 



155 



160 



ATC AAA TTT GCT GAT TCC GAC AAA TTA CGC GTA GGC GAT TTC ACT CTT 
lie Lys Phe Ala Asp Sef Asp Lys Leu Arg Val Gly Asp Phe Thr Val 

, ..-,,i;r'.- 165 .r.v-r:^:v T ; 170 .A, , V : ; i ; i ^ • X75 

GCA ATC CGT AAT CCA TTT CGT TTA GGT CAA ACT GTG ACA TCA GCT ATT 
Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly He 

180 J .. '--iSS':: ' ; Ki,y\y .M190=-"-^ 

GTT TCT GCA TTG CGT OGT TCA ACA' GGT TCT GAd A» CGC ACTT TAT GAA 
Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr Glu 
195 200 205 



501 



549 



597 



645 



693 



741 



AAC TAT ATT CAA ACC CAT GCA GCA GTA AAC CGC GCT AAT TCG GCT CGT'' 
Asn Tyr He Gin. Thr Asp Ala Ala Val Asn Arg Gly Asn,$er Gly Gly 
210 215 220 225 



789 



GCA TTA GTC AAT CTA AAT CGC GAA CTT ATT CCA ATT AAT ACC GCA ATT 837 
Ala Leu Val Asn Leu Asn Gly Glu Leu He Gly He Asn Thr Ala lie 
230 235 240 

ATT TCT CCA ACC GCT GGC AAT GCA GGA ATT CCC TTT GCG ATT CCA ACT 885 
He Ser Pro Ser Gly Gly Asn Ala Gly^ lie Ala Phe Ala lie Pro Ser * 

245 . ^ ., ...250 . 255 _ . ^ t 

AAT CAA GCG ACC AAT TTA GTC CAA CAA ATT TTA, GAA TXT GGT CAA GTG 933 

Asn Gin Ala Ser Asn Led Val Gin Gin He Leu Glu Phe Gly Gin Val 
,. - .260 =.265 • ^ - '.270::-;:: - 

CGT CCC GCA TTG CTT GGT ATT AAA GGG GGC CAA CTC AAT GCT GAT TTA ' 981 
Arg Arg Gly I^eu Leu Gly He Lys Gly Gly Glu Leu Asn Ala Asp Leu 

275 280 ' : • i 235^^'' ^- ' ' 

GCC AAA CCC TTT AAT GTA AGC CCC CAA CAA CGT GCA TTT GTA ACT GAA 1029 
Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Gly Ala Phe Val Ser Glu 
290 295 300 305 
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GTT GTA CCC AAA TCT OCT OCT CAA AAA CCA CCA CTT AAA CCC CGC CAT 1077 
Val Val Pro tys Ser Ala Ala Glu hys Ala Gly Leu Lys Ala Cly Asp 
310 315 320 

ATT ATC ACC GCC ATG AAC GGT CAA AAA ATC TCA ACT TTC CCT GAA KTT 1125 
He He Thr Ala Met Asn Gly Gin Lys He Ser Ser Phe Ala Glu He 
325 330 . 335 

CGT CCA AAA ATC CCA ACC ACT GGT CCA GGC AAA GAG ATT ACC TTG ACT 1173 
S5 Sfa ijs lie Ala Thr Thr Gly Ala Gly Lys Glu He Ser U»u Thr 

TXC WA CGT GkT GCC .WU^ TCC CAC OAC GTTi AAA JPTA CAA ^CC 1221 

Sr "u 2; Giy Lys Ser His Asp Val Lys Met Lys l^u Gin Ala 
355 360 365 

GAT GAT GGT A6C CAA CTT TCC TCA AAA ACT GAG TTG CCT CCA TTA GAT 1269 

Isl SsJ «J ill Gin Leu. ser Sjer Lys^Thr Glu I^u Pro Ala Leu A^^ 
370 375 380 SflS 

CGC CCA ACA TTC AAA GAC TAC CAT-CCT «AA tSGC CTT ^AAA 6GA ATT GAA 1317 
S5 JS. ar Su Lysr*SF Tyr Asp Ala Lys Gly Val Lys Gly He Glu 

39Q • - 395 400 

XTC ACA AAA ATT CAA CCT AAT TCG CTG GCT GCA CAA CGT GGT TTA AAA 1365 
lie Thr -lie Gin Pro Asn Ser Leu Ala Ala Cln Arg Gly Leu Lysr . 
405 



(2) INFORMATION TOR SEQ p N0:2:.- 

(i) SEQUENCE CHARXCTERISTICS: 

(A) LENGTH: 463 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



TCG GGC GAT ATT ATT ATT GCT ATT AAT CGT CAA ATG ATC GAA AAC ATT 1413 
ser Gi? Asf lie lie iltf Gly lie Asn Arg Gin Met lle^ Olu Asn He 
420. *25^ „ 430_ 



CGT CAA TTA AAT AAA CTG CTT GAA ACT CAA CCC TCA GCA GTT GCA CTT 1461 
Arg Glu Leu Asn Lys Val l«u GIU Thr Glu Pro Ser Ala Val Ala Leu 

.435, ,A.\ rn^.v . ■*45.,.. . , , . , .^.-.^r^f 

AAT ATT TTA CCA GCT GAC ACT . AAT TTC TAT. TTA TTA CTC CAA. , , , . .;, 1503 

Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 
4S0 -.455;.. 46Q • 

TAATCTGCTT GATATATTTA ACAAAAAAGT CCGATCACAA TGATCGCCTT CTTTTTATGC 1563 
AGCAATCCTT CTTAACAAAT CCACCACAAA TTCTAACCGC ACTTTGTT 1611 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Met Lys Lys Thr Arg Phe Val Leu' Asn Ser lie Ala Leu Gly Leu Ser 
1 5 10 15 

Val Leu Ser Thr Ser Phe Val Ala Gin Ala Thr Leu Pro Ser Phe Val 
20 25 30 

Ser Glu Gin Asn Ser Leu Ala Pro Met Leu Clu Lys Val Gin Pro Ala 
35 40 45 

Val Val Thr Leu Ser Val Glu Gly Lys Ala Lys Val Asp Ser Arg Ser 

50 : ■ 55-^^- .-l^-n.: €6 • 

Pro Phe Leu Asp Asp lie ftro ifilu Glu' 'Phe' Lys 1>he ' Phfe Phe Gly Asp - - 

Arg Phe Ala Glu Gin Phe Gly Gly Arg Gly Glu Ser Lys Arg Asn Phe 
85 90 95 

Arg Gly Leu Gly Ser Gly Val lie lie Asn Ala Ser Lys Gly Tyr Val 

100 ■ 105.: - -.'Oi-ii^^?-^.-- - -..a IM; ■/ • • 'v. v./^:. 

Leu Thr Asn Asn His Val lle^ A^ Gly Ala Asp Lys Ile -Thir-Val Gin 

115 _ 120 _ .125 ^ . 

Leu Gin Asp Gly Arg Glu Phe Lys Ala Lys Leu Val Gly Lys Asp Glu 

130 '135"'^'^ 1'46 — 

Gin Ser Asp He Aia ' t4u 'val Gin Leu Glu Lys Pro Ser Asn Leu Thr 
145 150 155 160 

Glu He Lys Phe Ala Asp Ser . Asp Lys Lev Arg Val Glyc Asp Phe Thr . t 
165 170 175 

Val Ala He Gly Asn Pro Phe Gly Leu Gly Gin Thr Val Thr Ser Gly 
■180 - ^' 185"' •-•-•■^ 'WO-^^'' 

He Val Ser Ala Leu Gly Arg Ser Thr Gly Ser Asp Ser Gly Thr Tyr ' 

1^5 ..200.,^.,, , .205^^ . ^ 

Glu Asn Tyr He'Gln.Thr Asp Ala, Ala Val Asn Arg Gly Asn, 3er Gly 
210 ^ 2^5- 220 

Gly Ala Leu Val Asn Leu Asn Gly Clu Leu He Gly He Asn Thr Ala 
225 230 235 240 

He He Ser Pro Ser Gly Gly Asn Ala Gly He Ala Phe Ala He Prb^^ - 
245 250 255 

Ser Asn Gin Ala Ser Asn Leu Val Gin Gin He Leu Glu Phe Gly Gin 
260 265 270 
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Val Arg Arg Cly Leu Leu Gly lie Lys Cly Cly Clu Uu Asn Ala Asp 



275 2«0 
Leu Ala Lys Ala Phe Asn Val Ser Ala Gin Gin Cly Ala Phe Val Ser 



290 



295 



Glu val val Pro Lys Ser Ala Ala Clu Lys Ala Cly Leu Lys Ala Gly 
305 310 ^ 

Asp lie lie Thr Ala Met Asn Gly Gin LyW lie sir Ser Phe Ala Glu 



lie Arg Ala Lys lie Ala Thr Thr Gly Ala' Cly Lys Gl,r lie Ser 

340 _ , , . . .345 ..... . . ,,, 

Thr Tyr Leu Arg Asp Gly Lys Ser His Asp Val Lys Met Lys Leu Gi„ 
355 

Ala Asp Asp' Cly ser Gin Leu Ser 'ser iys Thr Glu Leu Pro Ala Leu 
370 375 

ASP Gly Ala Thr Leu Lys Asp Tyr Asp Ala. Lys Gly Val y^s JJe 

385 390 395 

Glu lie Thr Lys lie Gin Pro Asn Ser Leu Ala Ala Gin Arg Gly Leu 
405 410 

Lys ser Cly Asp He He He Gly lie Asn Arg Cln Met lie Glu Asn 



420 



He Arg clu Leu Asn Lys Val Leu Clu Thr Clu Pro ser Ala Val Ala 



435 «*0 

Leu Asn He Leu Arg Gly Asp Ser Asn Phe Tyr Leu Leu Val Gin 

- — — 4dO 



450 



455 



I 
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WE CLAIM: 



1. An immunogenic oligosaccharide-protein 
conjugate comprising a polyribosylribotpl. phosphate (PRP) 
fragment coupled to an H. influenzae adhesin protein. 

2. The conjugate ^of claim 1 wherein said protein 
is an H> influenzae outer membrane protein with a molecular 
weight of about 47,000 daltons. 



3. The conjugate of claim 1 wherein said 
oligosaccharide is bound to a polypeptide that contains an 
active site of saj.d adhj^sin, prot^inrv- 



4. An immunogenic pligosaccharide-protein 
conjugate represented by the formula: 
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where m is 1-30, n is 2-30^ R is (CH2)pCH2NH or 
(CH2CH20)pCH2CH2NHCSNH where p is 1-3, and X is an iL. 
influenzae adhesin protein or fragment thereof containing 
an active site of said protein, 

5, A purified H. influenzae adhesin protein. 

6. The protein of claim 5 wherein said protein 
binds to a receptor for said protein selected from the 
group consisting of fucosylasialo-GMl, asialo-GMl, and 
asialo-GH2. 

?• The protein of claim 6 wherein said protein is 
an H> influenzae outer meitibrane protein with a molecular 
weight of about 47,000 daltons. 

8. The protein of claim 7 wherein said protein 
comprises the amino acids designated 26 to 463 in Figures - 
7A and 7B. 

9. A purified polypeptide that is a fragment of 
the protein of claim 5, said fragment containing an active 
site. 

10. A method for producing a purified 
influenzae adhesin protein comprising the steps of: 



solubilizing the membranes of H. influenzae 
bacteria, thereby producing solubilized material containing 
said adhesin protein and insoluble material; 
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separating said soliiBiiizi^d' material" from said 
insoluble material; 

contacting said solxjbilized material with a recep- 
tor for said adhesin protein ' seT^tttedfrbm the group 
consisting of fHicbsylasiaid^Gk / asiai'c^^iGjll , and asialo- 
GM2, wherein said receptor is attached to an insoluble 
solid support^ for a period of time sufficient for said 
adhesin protein to bind to said receptor; and 

removing said protein from said receptor, thereby 
recovering said adhesin protein in purified form. 

11. A method for producing a purified PL. 
influenzae adhesin protein comprising the steps of: 

extracting H, influenzae bacteria membranes 
with a solution that removes membrane associated proteins 
to produce an extract containing said adhesin protein; 

separating 'the supernatant containing said 
adhesin protein from the solid material in said extract;- ■ 

cbhtkcting said supernatant with, a monoclonal 
antibody to said adhesin protein, wherein said antibody is 
bound to an insoluble solid support, for a period of time 
sufficient for said Adhesin protein to bind to said 
monoclonal antibody; and 

removing said adhesin protein from said 
antibody, thereby recovering said adhesin protein in 
purified form. 

12/ An isolated or substantially purified DNA 
sequence encoding an H. influenzae adhesin protein. 
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13. The DNA sequence of claim 12 wherein said 
sequence comprises the nucleotides design2it4sid^'il5-1503 in 
Figures'TA'^*^ 7B^* ^' -^'---vj..*^ ...%^^v.^ ■ ^-J . 

14. A method for producing -z&i Isol^ited DNA 
sequence Ancodln^ ian H, - influenzae adhesin protein 
comprisiricr the^^^eps -of^r- ■• .--oTT^c;t:'..w-..c:o.v,,>, 

■ screening a genomic library containing the DNA 
of H, influenzae , said library comprising clones which 
contain different sequences of said DNA Which been operalsly 
and recoverably inserted into a vector', each of said '' ' 
vectors containing only one sequence of said DNA, by 
contacting the clones comprising said library with a 
monoclonal antibody to said adhesin protein or a receptor 
for said adhesin protein to identify a clone that binds to 
said antibodies or said, receptor r and - . 

isolating Baid cloneii- - ' : ; . v 

15. The method of claim 14 further comprising the 
step of recovering the exogenous DNA sequence from said 
clone. ^ - • ^--tv. : 

16. An isolated or substantially purified DNA 
sequence encoding the purified polypeptide of claim 9. 

17. An isolated or substantially purified DNA 
sequence derived from the DNA sequence of claim 12 by 
single or multiple mutations, wherein said DNA sequence 
encodes a protein or polypeptide that is immunologically 
cross^reactive with the protein of claim 5. 
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18 • A DNA sequencerliiat hybridizes with the DNA 
sequence of claim 17 under conditions of high stringency, 
wherein said DNA sequence encodes a protein or polypeptide 
that is immunologically cross-reactive with the protein of 

claims. -..^-.^r .r,.nH;.M-^- .^T ■■^V.-'^i- ..• - 

19 J ' A Recombinant - DNA sequence ^ comprising the DNA. 
sequence of claim 12 operably linked to appropriate 
regulatory control nucleic acid sequences that are capable 
of effecting the expression of said DNA sequence in a 
transformed host cell. 

20. An expression vector for expressing DNA that 
encodes an H. influenzae adhesin protein in a compatible 
host cell comprising an expression vector capable of 
transforming a procaryotic or eucaryotic cell wherein the 
DNA of claim 19 has been inserted into said vector in 
proper orientation and correct reading frame for 
expression. 

21. A host cell transformed with the recombinant 
DNA sequence of claim 19. 

22. The recombinant protein produced by the 
transformed cell of claim 21. 

23. A method for producing an H, influenzae 
adhesin protein comprising the steps of: 

culturing host cells transformed by a 
recombinant DNA sequence comprising a DNA sequence that 
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codes for an H. influenzae adhesin protein operably linked 
to appropriate regulatory control nucleic acid sequences 
that are capable of effecting the expression of said DNA 
sequence in said transformed cells; and 

recovering the protein whose expression has 
been coded for by said sequence • 

24. A synthetic PRP oligosaccharide represented by 
the formula: 



H 




where n is an integer from 2 to 30 and is (CH2)pCH0 or 
{CH2CH20)pCH2CH2NH2 Where p is an integer from 1-3. 
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25. A compound represented by the formula; 



\ / — OBn 
—OBn 



,0 OBn 



OBn . 
O 
I 



,0— p. 
II 

o 



O— 



O OBn 



Where n is an integer from 2 to 30, Bn is benzyl, and r2 is 
(CH2)pCH(OR3)2 or (CH2CH20)pCH2CH2R4 where p is 1-3, r3 is 
an alkyl group 1-4 carbons in length, and R^ is a group 
that can be converted into an amino group. 

26. A method for preparing the compound of ^claim 
25 comprising the steps of: 

(a) coupling to a solid phase a compound 
represented by the formula: 
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OnO 




HO OBa 



wherein Bn is benzyl and MMTr is monoinethoxytrityl ; 

(b) detritylating said compound; 

(c) coupling said detritylated compound with a 
compound represented by the formula: 



DnO 




,p— o 



OBn 



Wherein Bn is benzyl and MMTr is monomethoxytrityl ; 
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(d) detritylating the compound resulting from step 

(c); 

(e) repeating steps (c) and (d) n-2 times; 

(f) coupling the compound resulting from step (e) 
with a compoxind represented by the formula: 




wherein Bn is benzyl and r2 is (CH2)pCH(OR3) 2 or 
(CH2CH20)pCH2CH2R^ where p is 1-3, r3 is an alkyl group 1-4 
carbons in length, and R^ is a group that can be converted 
into an amino group; 

(g) oxidizing the phosphonate groups of the 
resulting compound to form phosphate groups; and 

(h) removing the resulting compound from said 
solid support. 

27. A method for preparing the synthetic PRP 
oligosaccharide of claim 24 comprising the steps of: 
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hydrogenating the compound of claiiQ 25; and 

where r2 is (CH2)pCH(OR3) 2/ subjecting the 
hydrogenated compound to selective acid hydrolysis. 

28. A vaccine for protecting a mammal against ILs. 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 1 in a pharmaceutically accept- 
able carrier. 

29. A vaccine for protecting a mammal against Hj. 
influenzae comprising an immunologically effective amount 
of the conjugate of claim 4 in a pharmaceutically accept- 
able carrier wherein n and p are the same for all of said 
conjugates. 

30. A vaccine for protecting a mammal against IL. 
influenzae comprising an immunologically effective amount 
of the protein of claim 5 in a pharmaceutically acceptable 
carrier. 

31. An immunogenic polypeptide comprising a fusion 
protein containing an h. influenzae adhesin protein. 

32. A vaccine comprising an immunologically 
effective amount of the recombinant protein of claim 22 in 
a pharmaceutically acceptable carrier. 
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33. A method of inducing an immune response to H, 
influenzae in a meunmal comprising administering an im- 
munologically effective amount of the conjugate of claim 1 
to said mammal. 

34. A method of inducing an immune response to H, 
influenzae in a mammal comprising administering an im- 
munologically effective amount of the protein of claim 5 to 
said mammal. 
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■ Oligonucleotide primer .Hinf 3 

10 20 M . « s; I «; 
^^^^^^^^^^^^^ 

» • 100 .■ 110 u; »; 

IBAMSIATION CF HIN 47 > 
<signal sequence of 47kDa protein 
160 170 180 lio 200 210 220 

^ ^ ^ ^ ^ TBANSLWICN OF HIN O > 

230 240 250 260 . 270 280 290 300 

^ ^ ^ TBMJSIATION OF HD) O * 

310 320 330 3« . 350 360 370 

-^^^^^^^^^^^ 

*^ IBANSLATICN OF HIM 47 > 

380 390 400 410 420 430 440 450 

CC»C^TG3AGXCTci[AAGCCrrAAC^TCCGTG=TTi^^ 
^CACCICTCAGTIj:CC^ 

TRANSIAHCN OF HIH 47 * 
460 470 480 490 500 510 520 

^ TBANSIATICN OF HIS 47 * 

530 540 550 560 570 580 590 600 

AAAT^AGTCGCTAAAGATtytfUrAATCACATAITCCATTA^ 
?SiScScCATTTCTACTOlTASTCTAXAACCT 

^ TRAMSWTICS OF HIN 47 > 

610 620 630 640 650 660 670 

* ^ * TBANSLMION OF HDI 47 " 

680 690 700 710 720 730 740 750 

ACTCTCACATCACGTArrcTnClCCATTCGSTCCT^^ 

^ ^ ^ TRAMSWIIOM OF HIM 47 > 




1 



WO 94/00149 PCr/US93/06016 

830 840 850 860 8J0. 880 890 900 

♦ • * » • • • *♦ • 

AATACCGCAAmTTTCTCCW«;CCGTGGCAATGC^GGA^ 
TTATGGCGTTMTAAAGAGGrrCCgCACCmACGTC C nAACGGAAACGC^ 

NTA IISPSCGNAG IAFAI?SNQASN> 

TRANSLATION OF HIN 47 > 

910 920 930 940 950 960 970 

• * • * . . * 

TrACTGCAACAAATTrrAGAATTTCCTCAACTGCGTCGCGGATTGCTIGGTATT:^^ 
AATCACGTTCTTTAAAATCTrAAACCAGTTCACGCAGCGCCTAACGAACCATAAITTCC^ 
LVQQILEFCQVRRGLLCIKGGELNA> 

TRANSLATION OF HIN 47 y > 

980 990 1000 1010 1020 1030 1040 1050 

♦ • • • ♦ * * • 

GATITAGCCAAAGCCTTTAATGTAAGCGCCOUVCAAGGTCCATTTGTAACTCAACTm 
CTAAATCGGrnCGGAAATTACATTCGCCCCTTCTTCCACGTAAACATTCACTlCAA^ 

OLAKAFNVSAQQCAFVSEVLPKSAA> 

TRANSLATION OF HIN 47 > 

1060 1070 1080 1090 1100 1110 1120 

« « * « • • * 

GAAAAAGCAGGACTTAAAGCGGGCGATATOTCACGGCGATGAACGGTCAAAAA^ 
CTTTrrCGTCCTGAATrTCGCCCCCTATAATAGTGCCGCTAaTCCCACTTT^ 
E KAGLKAGDIITAMNCQKISS FAEI> 

TRANSLATION OF HIN 47 > 

1130 1140 1150 1160 1170 1180 1190 1200 

♦ ••*••** 

CGTGCAAAAATCGCAACCACTGGTCCAGGCAAAGAGATTAGCOTIACTTACTTACGTGATtK^C^ 
GC ACGTTrrTAGCCTTGGTGACCA C C IlU J U ITi U I C I AATCGAACTGAATG AATGCACTACCGTTTACGGTCCTC 
R A K I A T T C A CKEISLTrLRDCK SHD> 

TRANSLATION OF HIN 47 > 

1210 1220 1230 1240 1250 1260 1270 

* • * ♦ • • * * 

GTTAAAATGAAArrACAAGCCGATGATGGTACCCAACTTTCCTCAAAAACnGAGTTCCCTTC 

CAATTTTACTTTAATGTrCGCCTACTACCATCGGTTGAAAGGACTTTnGACTC^^ 

VKMKLQADDGSQLSSKTEL P A L D G A> 

TRANSLATION CT HIN 47 > 

1280 1290 1300 1310 1320 1330 1340 1350 

**•♦*••* 
ACATTGAAAGACTACGATCCTAAACGCGTTAAAGGAATTGAAATCACAAAAATICAACCT 
- TtSTAACTTTCTta^TGCnACGATTTCCGCAATITCCrrAACTTTACTCTTITTAW 

TLKDYOAKGVKCIEITKIQPNSLA A> 

TRANSLATION OF HIN 47 > 

1360 1370 1380 1390 1400 1410 1420 

• • « • « « * 

CAACui\»urAAAAAATCGCGCGATATTATTATTGGTATTAATCGTCAAATGATCGAAAACATTCGTGAATTAAAT 
GTTGCACCAAATTrrAGCCCGCTATAATAATAACCATAATTACCAGTTTACTAGCTTnGTAAGCACTTAATTTA 
QRGLKSGDIIIGINRQMIENIRELN> 

TRANSLATION OF HIN 47 > 

1430 1440 1450 1460 1470 1480 1490 1500 

***••••♦ 

AAAG TCCTTGAAACTGAACCGTCAGCAGTTGCACTTAATATTTTACGAGGTGACAGTAATTTCTAT^ 
TTTCACGAACTTTCACTTCGCAGTCGTCAACCTGAATTATAAAATGCTCCACTCTCArrAAAGATAAA 
KVLETEPSAVALNILRGDSNFyLLV> 

TRANSLATION OF HIN 47 > 

1510 1520 1530 1540 1550 1560 1570 

• • ♦ • * * * 

CAATAATt'ii,CmATATATTTAAGAAAAAACTCCGATCACAATGATCGG L ' mTiril ATGCAGCAATCGTTCT 
GrrATTAGACGAACTATATAAATTCTTTmCAGGCTAGTGTTACTAGCCGAAGAAAAATACGTCGTTAGCAAGA 
Q> 

> 

<oll9onucleotlde primer Hlnf4 
I 

1580 1590 1600 | 1610 

* ♦ • I • 

TAACAAATCCACCACAAATTCTAACCCCACTTICTT 
ATICTTTACGTCCTCTTIAACATTCGCGTCAAACAA 
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